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AkTyanbHocTb Bepndukaumm KbTO Ha coBpeMeHHOM 3Tane.
NcTopunyeckun onbIT pabotbl VEREX 1 CneupansHom rpynnb|
akcneptos AHG

B.U. XoncTtos!, A.J1. MOKNOHCKMNIAZ~

LleHmp aHanumuyeckux uccnedosaHuli Poccutickoli ®edepayuu no KoH8eHUUSIM 0 3anpeuweHuu
XUMUUYECK020 U 6uosi0zuueckozo opyucus npu MuHnpommopze Poccuu
111024, 2. Mockea, wocce dHmy3uacmoe, 0. 23

2HayuHo-ucciedosamenbckuli yeHmp (3kchepmHbili, XuMuyeckux u 6uosozuyecKux yzpo3) pedepasbHozo
20cyoapcmeeHH020 61003emHo20 yupexicoeHus «48 LlenmpanbHblli HayuHo-uccsiedosameabcKuli
uHcmumym» MuHucmepcmea o6opoHul Poccutickoli ®edepayuu

111024, Poccutickas ®edepayus, 2. Mockea, npoe3d dHmy3uacmos, 0. 19

<l e-mail: 48cnii_expert-1@mil.ru

OCHOBHBIE MOMEHTBI

- IeATeNnbHOCTD 9KcepTHBIX rpyni VEREX (1991-1993 rr.) n CrenyaibHOI IPYIIIBI IPAaBUTE/IbCTBEHHBIX 9KCIIEPTOB
AHG (1994-2001), co3paHHBIX /st pabOTHI HaJ IPOEKTOM IOPUANYECKN 00513aTe/IbHOTO JOKyMeHTa (TaK HasblBae-
moro IIportokona) k KouBeHumu o 3ampenieHnn paspaboTKy, IPOU3BOACTBA 1 HAKOIUIEHNS OAKTePUOIOTNYECKOTO
(6momornuecKoro) 1 TOKCMHHOTro opyxust u 06 ux yanuroxenun (KBTO), 6s11a BbI3sBaHa HEOOXORUMOCTBIO IIPIHSI-
TVSI Mep II0 YKPeIUIEHNIO PeXMa HepaclpocTpaHeHus ouonorndeckoro opyxus (bO);

- [Tporoxon 3abnoknposan CIIA B 2001 r., ofHAKO B HACTOsIIee BPeMsI CYIeCTBYeT HeOOXOAMMOCTD B MCIIONb30Ba-
HUM Psifia €T0 ITOIOKEHMIT ¥ IPAKTUUeCKUX peKoMeHpanuit s Bepudukannu KBTO.

Axmyanvrnocmo. O0ycI0BIeHa HEHATEKHOCTHIO MEXIYHAPOLHOIO KOHTPOJIA 3a pacnpocrpaHeHueM bO, mosse-
HJIeM HOBBIX OMOJIOTMYeCKUX CPEeACTB NOpaxkeHNs mofelt u Bunos BO.

Llenv pabompt — c MO3MINTT COBPEMEHHOT0 COCTOsTHMA fen Ha tommagke KBTO paccMoTpeTh epCneKTUBbI aKTyaIu-
3aruu pa3paboTaHHOro B 1990-e IT. HAYYHO-MeTOAMYEeCKOro MHCTpyMeHTapus o Bepudukanyu KBTO.
Hcmounuxosas 6asa uccnedosanus. B pabore ObUIM MCIOIb30BAHBI MCTOYHNKMY, JOCTYIIHBIE Yepe3 6asbl JaHHBIX
PubMed, Google Scholar, OOH n Poccniickoit ameKTpoHHOI 616MMOTeKM.

Memoo uccnedosanust. AHATUTIYECKUIL.

Pesynvmamot uccmedosanus. B xofe uccienoBaHns MOKa3aHo, YTO CBOAHBIN TeKcT IIporokona nposepku KBTO,
IIOArOTOB/IEHHBIN CIELMaIbHOI TPYIIION IPABUTEIbCTBEHHBIX SKCIIEPTOB, CONEPKUT PAJl ITOIOKEHMII U IIPaKTHYe-
CKVX PEeKOMEHJAIVIT, KOTOpble MOIIY Obl OBITh peaT30BaHbl TOCYAAPCTBAMU-YYaCTHUKAMM C YI€TOM IIOJIUTUYE-
CKUX U HayYHO-TeXHUYECKUX peannii cerofHsAmHero gH:A. [Ipy aToM Bo3BpaT K MaHAaTy 1994 r. ¢ mocnenyommum
06CyX/ieHIeM CO3JaHNsI BepU(UKALMOHHOTO MeXaHusMa crocobcrBoai 6s1 ykpertennio KBTO u HapannBaHmio
ee MHCTUTYLVIOHA/IbHOTO OTeHIIMaIa.

3axnouenue. [pakTnyeckas spdexTUBHOCTD Mep, npemtoxeHHbix skcnepramn VEREX n AHG, fmaet ocHoBaHme
TOCyHapCTBaM-Y4aCTHMKAM PacCMOTpeTh Gojee MOJPOOHO BOSMOXKHBIE aCIeKTHI MX peanusalyuyl B COBPEMEHHBIX
YCIOBUSIX ¥ OOCYAUTD MEPCHEKTUBEI aKTyanusalnnu paspaboTaHHOTO MHCTPYMEHTApus B Xofje 3acefaHuit Paboueit
rpymst 110 ykpemwrtennto KBTO u Ha npegcrosiieit [lecsatort 0630pHOIT KOH(epeHIUI roCyfapCTB-yIaCTHIKOB.

Knwuesvie cnosa: Ad Hoc Group; VEREX; 6uonozuueckoe opysxcue; eepupurauus; KETO; nepacnpocmparenue;
ropudUUecky 0653amenvHblli NPOIOKO NPOBEPKU

Hna yumuposanus: Xoncmos B.J., IHoknouckuii J.J1. IIpobnemor sepuduxauuu KETO na cospemernnom smane.
Hcmopuueckuii onvim pabomor VEREX u Cneyuanvroii epynnvt akcnepmos AHG. Becmuuxk eotick PXB 3aujumot.
2025;9(1):5-18. EDN:atmwdk.

https://doi.org/10.35825/2587-5728-2025-9-1-5-18

IIpospaunocmo dunarncosoii OesmenvHOCHU: ABIOPYL He UMeIOM PUHAHCOB0L 3AUHIMNEPEcOBAHHOCU 6 NPeOCas-
JIEHHbIX MAMEPUANax uiu memooax.

© B.N. XoncTos, O,.J1. MoknoHckuit, 2025
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Efficiency and Relevance of Verificatory Events Conducted by
Biological and Toxin Weapons Convention (Modern Period).
Insights in History of VEREX and AHG

Viktor I. Kholstov?, Dmitrii L. Poklonskii?*,

ICenter for Analytical Studies of the Russian Federation on Conventions on the Prohibition of Chemical and
Biological Weapons under the Ministry of Industry and Trade of the Russian Federation
Entuziastov Highway, 23, Moscow 111024, Russian Federation

2Scientific Research Center (expert, chemical and biological threats) of 48 Central Research Institute of the
Ministry of Defence of the Russian Federation

Entuziastov Passage, 19, Moscow 111024, Russian Federation

D1 48cnii_expert-1@mil.ru

Highlights

- VEREX experts’ panels (1991-1993) and Ad Hoc group (AHG) (1994-2001) were created to work out a legally
binding document (the so-called Protocol) to Convention on the Prohibition of the Development, Production and
Stockpiling of Bacteriological (Biological) and Toxin Weapons and on their Destruction. Their activity was stipulated
by the necessity to take some steps to strengthen biological weapons non-proliferation regime;

- The Protocol was blocked by the USA in 2001, however, nowadays there is a necessity to use some of its articles and
guidelines to verify Biological and Toxin Weapons Convention.

Relevance. Caused by the unreliability of international control over the spread of biological weapons, the emergence of
new biological weapons of destruction of people and types of biological weapons.

Purpose of the study is to analyze the current state of things in terms of BTWC, and to find ways to update and improve
previous research methodological tools for BTWC verification.

Study base sources. The authors have analyzed the sources, available in PubMed, Google Scholar, UN, National
Electronic Library (Russia) databases.

Method. Analytical method has been employed.

Results. The studies have proved that the unified text of BTWC check protocol, prepared by Ad Hoc group contains a
number of statements and practical guidelines that could be implemented by state-parties taking into account modern
political, scientific, and technological circumstances. Moreover, if we return to the Act of the year 1994 with further
discussion of the possibility to create a verification procedure, this will strengthen BTWC and boost its institutional
capacity.

Conclusion. Practical efficiency of measures proposed by VEREX and AHG experts give state parties some reasons for
conducting a detailed analysis of possible consequences of implementation of these measures in modern circumstances
and for discussion of possible update of existing tools during the meeting of working group on BTWC strengthening
during upcoming 10th review conference for state parties.

Key words: Ad Hoc Group; biological weapons; BWC; legally binding verification protocol; nonproliferation; VEREX;
verification
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KoHBeHIIMA o0 3ampeumjeHun paspaboTKM,
IPOM3BO/ICTBA U HAKOIJIEHN S 3a11aCOB OaKTepu-
0/I0TUYeCKOro (6MOMIOrM4ecKoro) M TOKCMHHOIO
opyxus o6 ux yuuaroxxennu (KbTO) ne umeer
IOPUANYECKN 00d3aTeIbHOTO pPeXMMa IIpo-
Bepku. B coorBercTBUM co crnamveti XII KBTO,
Ka)kZible IATH JIeT MOCTIe €€ BCTYIIEHUS B CUTY
HPOBOAATCA KOH(MEpPEeHIMU TOCYHapCTB-Y4acT-
HUKOB 1UIs1 0030pa [eiiCTBUS KOHBEHIMU. YKe
Ha mepBOil 00630pHOI KOH(pepeHUWN, IIPOXO-
puBirei ¢ 3 mo 21 mapra 1980 r., rmaBHOI TeMOIA
IJIA CIIOPOB Cpefy TOCYJapCTB-Y4YaCTHUKOB,
CTa/l CTaHMAAPT IIOJIOKEHUIT O NMpOBepKe M 3¢-
¢dextuBHoctu KBTO. B xome 0630pHbIX KOHe-
pernuuit no KbTO, Bcrpeu akcnepros u Cose-
HIIaHUI TOCYRapCTB-Y4aCTHUKOB IO BOIpOCaM
ee MHCTUTYLMOHANbHOIO yKpeIJeHUs Ha IIo-
CTOSHHOJI OCHOBe NOA4YepKNUBaaach Oe3oTmara-
TE/IbHOCTb BO300OHOB/IEHUS MHOTOCTOPOHHUX
IIeperoBOpOB, HallpaB/JIeHHBIX Ha 3aKII0YeHle
HEeJJUCKPUMMHAIIIOHHOTO, IOPUANYECKN 00s-
3pIBAIOLET0 JIOKYMEHTA, Kacalolllerocsi BCex
crareit KbTO, Bkaoo4yas Mepbl IpoBepku. Pax
TOCy[JapCTB CYMUTAIOT TaKle IeperoBOpbl efuH-
CTBEHHOJI ajbTepHATUBOI 11 3¢ ¢deKTUBHOI
nmiemedtanuu KBTOL

Hamnbonee 3Ha4uTeNbHBIN IpOrpecc B CO3-
HaHUM METORONIOTUYM BepuPUKAUM peXuMa
HepacIpoCTpaHEeHUsA OMONTOTUYECKOTO OPYXKMUSA
CBA3aH C paboTOll CHenyaNbHON TPYIIIBI Ipa-
BUTeNbCcTBeHHBIX 9kcmeproB (VEREX, 1991-
1993 rr.) u CnennanpHoit rpynnsl (AHG, 1994-
2001 rr.) 7151 pACCMOTPEHMS COOTBETCTBYIOIINX
Mep IpOBepKMU, Hallle[IINX OTpakKeHMe B IIPO-
eKTe IpHUANIecKy o6sa3pIBaoIero Ilporokona B
Havaze 2001 r.

Bbrnokuposanme CIIA pa6orer Hapg IIpoto-
KOJIOM NpPUBENO K TOMY, 4TO ¢ 2001 r. ycunusa
o BepupUKANM MPUHUMAKTCA IIOCPEICTBOM
pa3pabOTKM OTAENbHBIX «MHAVIBUJYaTbHBIX»
Mep A/1A «IIO3TAIIHOIO» YKPeIJIeHU: CYyIlecTBY-
ouux nonoxxenust Konsennun. K Hacroamemy

1

MOMEHTY 3Ta [IeATeIbHOCTb OXBaThIBaeT HAO/II0-
feHMe 3a MNyOIMKAaUMAMY, MHOTOCTOPOHHUII
o6MeH nHpopMaI el 0 MaTepuanax u gesTenb-
HOCTY, TIOTEHIIVAa/JbHO MMEIUINX OTHOUIeHNe
k KBTO, a takxe 00bsaBneHus undpopmannm B
paMmkax Mep ykpemneHus posepus. Kommpo-
MMCCHBINI BapuaHT Tekcra [IpoTokona, pacmpo-
CTpaHeHHbIl mpefcefaTenem CrenuanbHOI
TPYIIBI, BEHTepCKUM JAUIUIOMATOM Tu6opom
Torom (Tibor Toth)?>, m ceromusa cmyxur oc-
HOBOII /11 AUICKYCCUII ITO BONIPOCY MHCTUTYIM-
oHanbHOro ykpemneaus KbTO.

Llenv uccnedosanus — ¢ MO3ULNIT COBPEMEH-
HOTO cocToAHUA Aen Ha mnomanke KBTO pac-
CMOTpeTh IEepCHeKTUBBI aKTyaaM3anuy paspa-
6otaHHOTO B 1990-€ IT. HAYYHO-METOLMYIECKOTO
nHcTpyMeHnTapus no Bepudukanuu KBTO.

Mcmounuxosas 6asa uccnedosanuti — B pa-
60Te WCIONTb30BAaHBI MCTOYHUKMU, [OCTYIIHBbIE
yepe3 6aspl gaHHbIX PubMed, Google Scholar,
Opranusanuu O6benmHenHbix Hanmit m Poc-
CUIICKOIT 37IeKTPOHHOI OMOTNOTEK.

Memo0 uccnedosanusi — aHaTUTUYECKIUIL.

Insa mocTu>XeHus JaHHOM Iean:

- mpoaHanusuposaHbl CBogHbIN TekcT IIpo-
TOKOMAa M paboTa CHelMajabHBIX TPYII IIpa-
BUTEIbCTBEHHBIX JKCIIEPTOB IO pa3paboTke
COBOKYIIHOCTU IIPOBEPOYHBIX MepONpPUATHIL,
ykpemnaomux pexnm KbTO;

- BBIABIIEHBl TEXHOJOIWM, PaCHIVpPAIOLINe
«cepylo 0071acTb» MCCIeNOBAaHMIL, CIIOCOOHBIE
MOBAMATD HA peanmu3annio MPaKTUUeCK! Bcex
crareirt KBTO;

- IIpeAIo>KeHBbl YCIOBUSA, COOMIONEHUS KO-
TOPBIX He00X0auMO /151 9P PeKTUBHOrO PyHK-
uuonnpoBanue KbTO.

Copublil TekcT [IpoTokona copmepXuT psap
MONIOKEHNIT M TPaKTUYeCKMX peKOMeHTaIunii,
KOTOpbIe MOI/I ObI OBITH peann30BaHbI TOCYAAP-
CTBaMU-YYaCTHUKAMM C YYETOM IOTUTUYECKUX
U HAyYHO-TeXHUYECKMX peanuil CeromHsAm-
Hero aHA. IIpu sToM Bo3Bpar K MaHjary 1994 r.

[TpenmoXkeHM st B 3aKTIOUNTE/IbHBIN JOKYMeHT eBsiToit 0630opHoit KoHpepennyu KETO. URL: https://documents.

un.org/access.nsf/get?Open Agent&DS=BWC/CONF.IX/ WP.54 (zaTa obpamenus: 05.11.2024).

BeisiBnenme, oreHka 1 pasButue crenududeckux 1 9¢(GeKTUBHBIX Mep, BKI0Yast IOPUAUIECK) 00s3bIBAIOIINE,
U TIOfITOTOBKA PeKOMEHJAINIL 110 YKPeIIeHNIo U MHCTUTyanu3aunyu KoHBeHIIMM BO BCexX ee acleKTaX B COOTBET-
crBuM ¢ MangaroM Pabouert rpymmer. URL: https://documents.un.org/access.nst/get?Open Agent&DS=BWC/WG/3/

WP.10 (mata obpargenns: 07.11.2024).

2 Tlporoxon KoHBeHIM O 3alpeljeHnu paspabOTKM, MPOM3BOACTBA ¥ HAKOIUIEHMA OaKTepPHOIOTMYECKOTO
(6110/I0TMYeCKOro) U TOKCMHHOTO Opy»Xust 11 06 ux yunaroxxenun. URL: https://documents.un.org/doc/undoc/gen/

¢l0/218/25/pdf/gl021825.pdf (rata obpamenns: 05.11.2024).
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MPOBJIEMbI COBJIIOAEHNA KOHBEHLI MO 3AMNPELLEHUNIO

XNUMUNYHYECKOTO N BUOJTIOTMYECKOIO OPYXXUA

THE PROBLEMS OF ADHERENCE TO THE CHEMICAL AND BIOLOGICAL WEAPONS CONVENTIONS

XoncTtos B.U., NMoknoxckun 4.J1.
Kholstov V.I., Poklonskii D.L.

C MOCTIEAYIOINM 00CYXIeHeM CO3TaHNsA Bepu-
($UKAIMOHHOTO MeXaHM3Ma CIOCO6CTBOBAI ObI
ykpenneano KbTO u HapamuBaHuio ee NHCTU-
TYI[MOHATbHOTO NMOTEHI[ KA.

TocypapcrBa-yuyactHuku KBTO, «...0ygyun
MPeNCHIO/IHEHbl PeMVMOCTY IOBBICUTD 3] dek-
TUBHOCTD M Y/IYYLINUTD BoIIONHeHNe KonBeHIUN
¥ Tpu3HaBag, 4YTO 5¢P(eKTUBHAA IpoBepKa
MoxeT ykpenutb KonBennmmo...» B 1991 r. Ha
Tperbeit 0630pHOIT KOHPepeHIUN 0PUIMaTBHO
VHULIMMPOBANN CO3JaHNe BCeOODHEMITIONEro 1
3¢ PeKTUBHOTO peXMMa IPOBEPKY U MOCTAHO-
BuIM yupeauTh CHenuanbHyI0 I'PYIIY IIpaBu-
TenbCTBEeHHBIX 3KcmepToB VEREX, OoTKpbITYIO
JIs1 BCeX TOCYAapCTB-YYaCTHUKOB’.

Llenpio paborbl I'pynmel ABMIOCH ompefe-
JIeHue Mep, KOTOpble, B COOTBETCTBUU C (op-
mynuposkamu Cmamovu I KBTO nossonunn
Obl yCTaHOBMUTB, pa3pabaTbIiBaeT 1M TOCyAap-
CTBO-YYaCTHUK, HPOU3BOAUT, HaKaIIMBaeT,
npuobperaer MM COXpaHsIeT MUKPOOHBIE VI
Apyrue OGMOIOrMYecKye areHTbl VIIM TOKCUHBI,
TaKMX TUIIOB M B TAKMX KOJIMYECTBAX, KOTOpbIE
He OIpaBiaHbl NMPO(PUIAKTUYECKUMM, 3AIINUT-
HBIMU MM JPYTUMY MUPHBIMH IIeTIAMH, A TAKKe
opyxme, oOopyfoBaHMe WIN CpPeACTBa JO-
CTaBKI, IpefHA3HAYeHHBbIE JI/Is1 UCIIONIb30BAHUA
TAaKUX areHTOB VM/IM TOKCHHOB BO Bpa>keOHBIX
Ie/AX VI B BOOPY>KEHHBIX KOHQIMKTaX.

['pynmna mpoBesna 4eThIpe 3acefaHMNs, IO pe-
3y/lIbTaTaM KOTOPBIX ObII MOATOTOBJIEH IIpOIie-
IAYPHBIII OTYET, COfep>Kal NIl lepedeHb Bepudu-
KaIIIOHHBIX MEPONIPUATUIT*. DKCIIEPTHI T PUILIIN
K BBIBOAY, YTO yKa3aHHbIe Mepbl MOTYT OBITh
IIOJIE3HBI /I/IS1 MIOBBILIEHUSI YBEPEHHOCTH B TOM,
YTO TOCY[apCTBA-YUYACTHUKMN HMPUJIEPKIBAIOTCSA
CBOMX 00513aTe/IbCTB.

[IpencraBieHHBIE B OTYeTE MepPbI ObIIN pas-
IeeHBl Ha /iBa TUHA (y/laJleHHbIe U TOKa/IbHBIE).
B 4ucie yganeHHBIX MepONPUATUIT 0003HAYEHbI
MHGOPMALVIOHHbINI MOHUTOPUHI, OOMEH JaH-
HBIMU, IMCTAHI[MOHHOE 30HAVPOBaHIe i IIPOBe-
pOYHBbIe MEPONPUATHUS, Takue KaK HaOmomeHme
u oT6op npo6. K JOKanbHBIM MepOonpUATUAM
OTHEeCEeHBbl OOMEHBI BU3BMTAMY, INPOBEPOYHBIE
MepONpUATHA Ha MECTaX ¥ MOCTOSHHBIN 00bek-
TOBBIII KOHTPOJIb.

OKcmepTraMu CHeNaH BBIBOJ, 4YTO Cylie-
CTBYIOT INpaKTUYeCKNe TPYZHOCTU C Koluye-
CTBEHHOJI OLIEHKOJ OTJeIbHbIX M€p NPOBEPKIU,

OCHOBAaHHOJM Ha MaTeMaTHM4YecKUX MeTomax, B
CBA3U C 4eM OBIJIO NPEeIIOKeHO MPUOETHYTh K
MeTOJy 9KCIIEPTHBIX OI[eHOK.

OnHOBpeMeHHO 9KCIepTaMy ObII POBeeH
aHaau3 Mep BepuduKanum mo Kpurepusm «3¢-
(eKTUMBHOCTB/CTOMMOCTD  peanmsanuu». Ilo
NaHHOMY KpUTepuIo Hamubonee HeiCTBEHHBIMU
0Ka3anochb 00bsBIeHNe MHPOPMAIMU U TeKiTa-
pUpOBaHNe [eSATENbHOCTH, a TAKXKe pasIMIHbIe
BU/IBI 00'BEKTOBBIX HAOTIO[EHNIT, TIPUBETeHHbIE
B mabnuuye 1.

Pe3ynbraThl OILleHKM IOTEHIIMAJBHBIX Mep
KOHTPOJISI IOKa3aJjIu, YTO BO3MOXXHOCTH U OTpa-
HUYEHUS CYLIeCTBYIOT 1A KaXKJ0i 13 Mep, Ipu
3TOM HeJb3s IOJIAaraTbCs Ha KaKyo-1ubo OfHY
Mepy caMy o cebe, 4YTOOBI ONpeleNUTh, Hapy-
aeT /M TOCYZAPCTBO-YYAaCTHUK TpeGOBaHMS
Cmamovu I KBTO.

B sroit cBsA3M OonblIoe BHMUMaHME OBIIO
y[lelIeHO BOIIPOCY COBMECTHOJ peanusanyun
HeCKONbKuX Mep. llenplo aHanmsa sBIAIOCH
BBISICHEHME, IPUBOLUT U KOMOVHNMPOBAaHHOE
IpUMeHeHe Mep K CUHepreTM4ecKOMYy paclIy-
peHMI0 BO3MOXXHOCTEIl M OTpaHUYEHUI, OTIU-
YaloIeMycss OT IPOCTOr0 aKKyMYyIMPOBAaHMUSI
BO3MOXXHOCTEJ KaXX[JOTO U3 IPOBEPOYHBIX Me-
ponpustuit. leknmapupoBaHue Haubojaee 4acTo
YKa3bIBaJOCh [/I IHpPUMEHEHUs B COYEeTaHUU
c Apyrumm Mepamu. Takke 4acTO OTMeYanyuch
HpPOBEPKM Ha MecTax (MHTEPBbIOMPOBAaHNUE, BU-
3yaJIbHBINI OCMOTp, OIpefie/ieHNe KI04eBOro
obopyzmoBaHus, or6op m upeHTUPUKANUA 06-
PasIioB), KaK 3TO YKa3aHO Ha pucyHke I.

st oueHKM BO3MOXHBIX Mep Bepudu-
Kaluu 9KcrepTaMy Oblyia MCIOIb30BaHbI IIECTh
K/TIOUYeBBIX KpUTepueB: 1) cuabHble u crnabble
CTOPOHBI, OCHOBaHHBIe Ha O0beMe U KadecTBe
HpefcTaBlIeHHON MHGOPMALUL; 2) CTOCOOHOCTH
pasnauyaTh 3anpelnjeHHble U pa3pelieHHble BUIbI
IesATebHOCTH; 3) CIOCOOHOCTh pas3peliath He-
OJHO3Ha4YHble CUTyaLuy; 4) TeXHONIOTMYecKue
U MaTepuajbHble TPeOOBAHMA /IS peanns3anumn
Mep, HeoOXORVMBbIe 4YeTOBeYeCKIe PpeCcypChl;
5) ¢unaHCcOBBIe, WOpUANYECKNE, OPraHMU3AIN-
OHHbBbIe TIOCTEACTBUS peajqus3aluyu Mep U UX
3HaueHMe a9 0e30IacHOCTU; 6) BAMAHUE HaA
Hay4YHbIe MCC/IeIOBAHN A, HAyYHOE COTPYJHIYe-
CTBO, IPOMBIIIJIECHHOE Pa3BUTHE U APYIue pas-
pellleHHble BUJABI [AEATENTbHOCTM; a TaKXe BO3-
MOXXHO€e 3aJieiiCTBOBaHNMe KOHQUEHI[MaTbHO

> Tpetbst 0630pHas KOH(EPEHINsI TOCYAAPCTB-yIaCTHIKOB KOHBEHIMY O 3ampeleHny pa3spaboTKu, IPOU3BOJ-
CTBa M HAKOIUIEHN I 6aKTEePUOJIOTYeCKOro (6110/I0rMYeCcKOro) ¥ TOKCMHHOTO OpyXitst 11 06 nx yHnutoxxeHun. URL:
https://docs-library.unoda.org/Biological Weapons_Convention_-_Third_Review_Conference_(1991)/ BWC_CONE.

II1_23.pdf (mata obpamenns: 01.11.2024).

* KoHBeHIUA 0 3allpellieHNY pa3pabOTKY, IPOU3BOACTBA ¥ HAKOIUICHN S 0AKTepUOIOrN4ecKoro (6110/10rnyecKko-
r0) ¥ TOKCHHHOTO OPY>XMsI ¥ 00 MX YHUYTOXXeHUN. [JOK/Iaj CIeliaIbHOI IPYIIIIBI IIPAaBUTE/IbCTBEHHBIX 9KCIIEPTOB
(Ad Hoc Group) 10 BBIABIEHNUIO U OLleHKE BO3MOXKHBIX Mep IIPOBEPKY C HayIHOI U TexHMIecKoit mosumuii. URL:
https://docs-library.unoda.org/Biological Weapons_Convention_-_Ad_Hoc_Group_on_VEREX_Fourth_session_
(1993)/BWC_CONE.III_ VEREX_ 09.pdf (gara obpamenns: 28.10.2024).
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AkTyanbHocTb Bepudukauum KbTO Ha coBpeMeHHOM 3Tane. UcTopuyeckui onbiT paboTtbl VEREX...
Efficiency and Relevance of Verificatory Events Conducted by Biological and Toxin Weapons Convention...

Ta6nuua 1 - [TepeyeHb 8epugpuKAYUOHHbBIX Meponpusmuli ¢ pesybmamamu 3KcnepmHoli oyeHKol ux
3hchekmusHOCMU U cMouMocmu peanusayuu*®
Table 1. List of verificatory events with peer assessment of their efficiency and implementation costs*

OTHocUTeNbHas OTHocUTeNbHas
3¢pdeKTUBHOCTb NpU oL eHKe / CTOMMOCTb NpU oLeHKe /
Relative efficiency during estimation of Relative costs during estimation of
-~ -~
5 x = 5 x -
BepuduKaLMoHHOE s £ 3 = s & 3 =
meponpusTue / 338 I~ 3 g I8 5SS s g
Verificatory event ZoQ o 8 ._ 5= =S a3 3 335
e F = Qo e FES Qo
PRt g8 X 5 ool g 2= X 5
g0 S 98 oS g0 oes oS
0 Qs a5 o5 o Q< 2 as S
S asS 09 ES S o ES
g8g 3 g2 g8 3 g~
= S a 2 = S a Q
E 2 i E 2 €
(%] (%}
MOHUTOPUHI NYy6MKAUMOHHOM 8,2 10,7 8,9 12,6 14,0 14,5
aKTUBHOCTM /
Publication activities monitoring
[leknapupoBaHue gestenbHocTH / 7,2 74 9,2 15,5 15,9 16,0
Declaring
O6bsBaeHne nHpopmauum / 8,6 8,5 111 15,5 15,8 15,8
Announcements
HabntoaeHune ¢ Mcnosib3oBaHNEM 13,4 12,2 11,7 7,2 74 7.4
CMYTHUKOBBIX CpeacTs /
Observation with satellite-referenced
aids
HabntoaeHune ¢ nomMoLLbio aBnaLm- 13,0 12,0 11,5 91 8,5 8,6

OHHbIX cpeacTs /
Observation with air assets

HabntoaeHune c nomMoLLbo Ha3eM- 11,3 11,2 11,6 9.3 9,1 91
HbIX cpeacTs /
Observation with ground aids

OT16op U wuaeHTUdPUKauus npob 12,9 11,9 13,1 6,5 6,0 6,7
(BHe 06bekTa) /
Selection and identification of samples

(off-site)

HenpepbIBHbIA MOHUTOPUHI  Aes- 12,2 12,2 12,4 10,3 9,7 9,6
TeNbHOCTU o6bekTa /
Continuous monitoring of site activity

YnaneHHbiih ayouT / 11,2 114 12,6 11,3 11,0 11,0
Remote audit

Hap3op 3a 3akoHOAATE/IbCTBOM B 8,8 12,5 12,7 9.4 10,3 9,3
OTHOLUEHUN BUOSIOTUYECKOTO OpYy-
»xus /

Control of changes in biological
weapons legislation

CobecepoBaHus / 6,1 74 74 9,5 9,8 9.1
Interviews

BusyanbHbili ocMOTp Ha MecTe / 8,9 74 6,0 9.1 8,7 9.7
Visual control on-site

NpeHTudukaums ocHoBHOro o060- 6,5 51 4,4 8,8 8,6 8,5

pygoBaHus /
Main equipment identification

AyouT Ha mecTe / 4,5 51 3,5 7,3 6,7 7,2
Audit on-site

OT60p M naeHTUdGUKaLMsA Npob Ha 54 5,2 4,5 4,0 40 3,9
MecTe /
Selection and identification of samples
(on-site)

MeaunumHcKuiA ocMoTp Ha MecTe / 6,8 6,2 8,3 6,8 6,8 6,7
Physical examination on-site
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lMpodomxeHue mabauywi 1

OTHOcUTENbHas
3¢pdEKTUBHOCTb NPU OLEeHKe /
Relative e-y during estimation of

OTHOoCUTEeIbHas
CTOMMOCTb NP OLEeHKe /
Relative costs during estimation of

-~ R
c . ~ s ~ ~
BepudukaumoHHoe s E g ] = = E g
MeponpusiTue / 338 T~ é Q =T 8 A § 3
HA -] [+2]
Verificatory event = @8 B0 . R = 28 @ o § R
m o o == oy ) o O o = = Q Yy
o0V S o X g X 5 FRGCES b= ¥ = X 5
g0 o 2w oS g @ T o ¥ o S
v Qs o Q9 °35 R 2as o3
S8 o 'g E& =TS « '3 E&s
cag 3 g c=ag 3 g "
= S a Q2 = S p=% Q2
E g E E = E
) @
L AnTenbHbI KOHTPOIb C MOMO- 5,3 6,1 3,4 1,8 1,4 1,5
LWbto 060pya0BaHMA U Haboaa-
Tenemn /
Extensive control with equipment and
observers
MpumMeyaHue.

*Tabauya cocmasseHa asmopamu no OdHHLIM, npedcmasseHHbIM 8 KoHeeHUUU 0 3anpeujeHuu 6uo102U4ecKo20 U MOKCUHHO20
opyxcus. [loknad cneyuanbHol 2pynnbl npasumeabcmaeHHblx 3kcnepmos (Ad Hoc Group) no ebisiésieHuto U ouyeHKe 803MOMCHbIX Mep
nposepKu ¢ HayuyHoU u mexHuveckol nosuyuti. URL: https://docs-library.unoda.org/Biological_Weapons_Convention_-_Ad_Hoc_Group_
on_VEREX_Fourth_session_(1993)/BWC_CONF.III_ VEREX_ 09.pdf (dama obpaweHus: 28.10.2024).

Note.

*The table is compiled by the authors according to the data stated in reports of Biological and Toxin Weapons Convention. Ad Hoc Group
report on identification and assessment of possible verification measures from scientific and technical points of view. URL: https://
docs-library.unoda.org/Biological_Weapons_Convention_-_Ad_Hoc_Group_on_VEREX_Fourth_session (1993)/BWC_CONF.IlI_ VEREX_

09.pdf (date of access: 28.10.2024).

KoMMepuecKolt nHpopmanunu. Ilepsoie Tpu Kpu-
Tepusi OTpakaloT 3(PPeKTUBHOCTD OTHENbHBIX
MepOnpUATHIL, B TO BpeMs Kak Kpurtepuu (4)-
(6) — CTTO>XXHOCTD MX peanu3alun 1 CTeIeHb BO3-
meiicTBUA Ha 00beKT mpoBepku. OlieHKa BO3-
MOXXHOCTEl ¥ OrpaHMYeHUIi, IPOBEJEeHHasd B
COOTBETCTBUMU C IPUBEEHHBIMY KPUTEPUSIMIU,
I0Ka3asa, YTO Hambosee NMCKYCCMOHHBIMY OKa-
3a/IMCh JIOKaJIbHBIE Mepbl, IIpeAIoaraolye
nocemnieHne 0o0’beKTOB MpoBepku. Bmecre ¢ Tem,
BepudukanuonHas 3¢pPeKTUBHOCTb ITUX Mep
B cooTBeTcTBUM C Kpurtepusmu (1)-(3) Obima
IpU3HaHAa BBICOKOII’, YTO JJaeT OCHOBaHMeE TOCy-
JAapcTBaM-y4acCTHUKAM PaccCMOTpeThb 6ojiee MOA-
POOHO BO3MOKHBIE ACIEKThI UX peanusaluy B
COBPEMEHHBIX YCTTOBMAX.

ITo utoram paborer rpynnsl VEREX B cen-
Ts6pe 1994 r. 6b171a CO3BaHA KOH(pepeHI M rocy-
[AapCTB-YYaCTHUKOB, pellleHueM KOTOpoil Oblna
co3paHa CrnenmanbHas rpynma skcrnepTos (Ad
Hoc Group) ansi paccCMOTpeHUA COOTBETCTBY-
IOIVX Mep, BK/II0Yasd Mepbl IIPOBEPKU, C LIETbI0
UX BK/IIOUEHUS B IOPUANYECKM O00Os3aTeTbHBIN
mokyMeHT. CrienuanpHasA TpyIIa MpoBena pAf
3acefaHMI U 3aBepuIniIa cBoio pabory B 2001 r.
nocne orkasza CHIA nmpomo/mXuTh neperoBophl,

TaK M He JIOCTUTHYB corjacus mo texcry llpo-
TOKOJIa U He IMOATOTOBMB MOKJIaja I Ipen-
craBneHus Ha IlaToit 0630pHOIT KOHDepeHINN.
Tem He MeHee, IpeficefaTeNb TPYIIBI PacIpo-
CTPaHM/I TaK HAa3bIBAE€MBINl «KOMIIPOMMUCCHBII»
BapMaHT TEKCTa, CTaBIIMII OCHOBON [/A Halb-
HeJMINUX JUCKYCCUII IO BOIPOCY MHCTUTYILMO-
HaJIbHOTO yKpenneHusa Konpennum.

B cooTBeTcTBUM C AeomOTMeli CielaabHO
TPYNIIBI COBOKYIHOCTb IPOBEPOYHBIX MEPO-
OpUATUIL [OMKHA HPEACTaBAATb CTPYKTYPY,
Hofo6HYI0 «mBelapckoMy cbipy». IIpu sTom
nonblTky Hapymenusa KBTO, kotopoie He ¢uk-
cupyworca mepamn (1) m (2), ¢ BbBICOKOI foreit
BEepPOATHOCTU OYAYT 3apuKCHpPOBaHbI Mepoii (3),
TaK KaK 3TO IpeJCTaB/IeHO Ha pucyHke 2.

Kak 6sp110 ormeuyeno rpynmoit VEREX,
«...npoepka KBTO cosmaer yHHUKanbHBIE U
CyLIeCTBEHHBIE IIPOO/IEeMbl PEXUMY HepacHpo-
CTpaHEHUs, YYMTHIBAasA XapaKTep MaTepuajoB,
060pymOBaHuUs, ONBITA U 3HAHUIL JBOTHOTO Ha-
3HAa4YeHMs, HEOOXOAMMBIX /s MPOrPaMMBbI Ha-
CTYNIAaTeIbHOTO OMOJIOTUYECKOTO OPYXKUA...».
YKka3aHHble NMPOTUBOpeYNs ele OOIbIIE YCH-
MUBAIOTCA 3a CUeT IIporpecca B TAKMX HAyUYHBIX
00/1acTAX, KaK MOJIEKY/IspHas OMOIOrus, BUPy-

° CrenmanpHasi TpyIla IpaBUTeNbCTBeHHBIX 9KcrepToB (Ad Hoc Group) 1o BBIABIEHNIO 1 OLieHKe BO3SMOXKHBIX
Mep IPOBEPKM C HAYYHOII M TeXHMYeCKoT mo3uumit. Vitorossiit soxnaz. URL: https:/documents.un.org/doc/undoc/
gen/gl0/232/25/pdf/ gl023225.pdf (maTa obpamenns: 22.10.2024).
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PucyHok 1 - BapuaHmbl KOMOUHUPOBAHUSA 8epuUKAUUOHHbIX Meponpusmuli, npusHaHHble 3kchepmamu VEREX Hau-
6osnee appekmusHbiMu. CM. CneyuanbHas zpynna npasumesibcmeeHHbix s3kchepmos (Ad Hoc Group) no evisiesieHuro u
oueHKe 803MOXCHbLIX Mep NpoeepKu C HAayuyHoU u mexHuyeckoli no3uyuli (pUCyHOK cocmaeseH asmopamu no OAHHbIM,
npedcmaeneHHbIM 8: imozoebili doknad (URL: https://documents.un.org/doc/undoc/gen/gl0/232/25/pdf/ gl023225.pdf;
dama obpauwjeHus: 22.10.2024)

Figure 1: Possible combinations of verificatory events that have been recognized by VEREX experts as the most efficient
ones. See. (Ad Hoc Group) on identification and assessment of possible verification measures from scientific and technical
points of view (the figure is compiled by the authors according to the data stated in: The final report (URL: https://documents.

un.org/doc/undoc/gen/gl0/232/25/pdf/ g1023225.pdf; dama obpaweHus: 22.10.2024)

colorus, MeJuLVHA, BeTepuHapus, papmaies-
THYeCKass IPOMBIIIJIEHHOCTb U pPacTE€HNEBOJ-
cTBO [3].

[Tpunnuner paborer sxcuneproB VEREX n
AHG 6a3upoBanuch Ha BBISABICHUY KIIOYEBBIX
MapKepoB, OT/INYAIIMX IPOLeCChl pa3paboTKu
BAaKIVIHHBIX IIpeNapaToB U CO3JaHMA OMOIOru-
YeCKOro Opy>Xus. 9TO MO3BOIUIO TOBOPUTH O
NpUHONNNANbHON Bepudpunupyemoctn Kon-
BEHI[MM ¥ TOCTTY>KIIO OCHOBOII A7 pa3paboTKu
Mep nposepku. O4YeBUJHO, YTO C Yy4eTOM Ha-
Y4YHO-T€XHUYECKOTO IIPOTpecca, JOCTUTHYTOTO
3a IOCIefHMe TPUALATH JIeT, CXeMa pasrpaHMu-
YeHNdA, NpeAIoXKeHHas sKcmepTamu B 1992 r.°
(pucynox 3), 6ypmeT BK/IIOYATh HOBBIE 3/IEMEHTBI
Y TEeXHOJIOTMYeCKNe 3Tambl (Ha pUCyHKe BbIfie-
JeHbl IYHKTUPHOI nuHMeN). Bmecte ¢ TeM, He-
00X0MMO TOHMMaHNE TOTrO, KaKuM obpaszom
3TU HOBBIE 9JIEMEHTBHI BIUAIOT Ha BepuPUKaINIo
U KaKue [OIOJHUTEeIbHble Mepbl IPOBEPKHU

6

MOTYT OBITH HpPEIPUHATEI B LIeNAX BCEOOBEM-
JTIOLETO KOHTPOJIA.

Ilepex mnpoBemeHMeM 0030pHBIX KOH(e-
PEHIINIT HeIIPpaBUTETbCTBEHHBIMY M aKaJjeMuIde-
CKMMM OpraHU3aIusaMy Obl/Ia IpOBe/jeHa OlleHKa
HAyYHO-TeXHUYECKUX [JOCTVIKEHMIl, CHIUXKa-
o1ux 6apwep s pagpaborku BO”. B xofe atoit
paboThl OIEHMBATNCHh IOTEHIMATbHbIE PUCKU
METOJOB I'€HHOM Te€PAINNY, CUHTETUYECKON 6mo-
JIOTYN ¥ pefaKTUPOBaHMA reHoMa® [4-6].

B mporecce MeXceCCMOHHOI paboOThI rocy-
HapCcTBaMM-YYaCTHUKAMM TaKXKe IpefIpUHN-
Ma/lINCh IOIBITKM WU3Y4YEHMSA HOTEHIMaIbHbIX
PUCKOB, CBSI3aHHBIX ¢ OmoTexHonmorusmu. Ha-
npumep, B 2018 r. rpymmna sKcuepToB COCPENOTO-
YyIach Ha BO3MOXKHBIX IIOC/TEICTBUAX MCIIOb-
soBanusa texnonoruu CRISPR-Cas9 [7].

IIpn 3TOM OKCIEPTHBIM COOOIECTBOM B
OTpaHMYEHHOI CTeIeHN 00CY>K/Ja/INCh HayYHbIE
00/1aCTM ¥ TEXHOJOTMM, KOTOpble He MMEKT

[Tonck AUCKPUMUHATOPOB MEXAY PaspelIeHHOI U 3alpeleHHOI eATeIbHOCThI0 B TEXHUIECKOI MUKPOOIO-
norun. URL: https://unoda-documents-library.s3.amazonaws.com/Biological Weapons_Convention_-_Ad_Hoc_
Group_on_ VEREX_Second_session_(1992)/BWC_CONE.III_ VEREX_WP.33.pdf (mara o6pammenns: 27.10.2024).

7 HaumoHanbHas akafeMus HayKu, TEXHUKU 1 MeguunHbl — 2018. Brronornyeckas salmmnTa B 910Xy CUHTETUIECKOI
6uonoruu. Washington, DC: The National Academies Press. URL: https://doi.org/10.17226/24890 (nara obpaiienus:
20.10.2024).

8 Crarbst 06 OIAaCHOCTY U IIPU3HAKAX, TO3BOJISIONINX YCTAHOBUTD CKPBITOE IIPYMEHEHE TAKOI TeXHOIOTUY AJIsI
HOpa>keHMsI TI0fielt, IpuBefieHa gajee — cTaTbhs S1. JIaKOTbI B 9TOM e HoMepe ¢. 19-43 (mpum. pegaxunn).
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PucyHok 2 - Co80KYnHOCMb NnpoeepoyHbiXx Meponpu-
Aamuli no npeceyeHurw nonbimok HapyweHuss KBTO
(bucyHoK cocmaeseH aesmopamu no OAHHLIM, hpedcmas-
neHHvIM 8: [1, 2])

Figure 2: Verification measures that prevents the violation
of Biological and Toxin Weapons Convention (the figure is
compiled by the authors per data stated in: [1, 2])

OTHOLIEHUsI K MMKPOOMONIOTUY, BUPYCOTOTUN
VIM TOKCMKOJIOTMM — HayKaM, JIeKalluM B OC-
HOBe TpaguIMoHHOro moHuManus bO, Ho pac-
IV PSIOT MOTEHI[MaN 3I0HaAMEPEHHOTO MCIIO/Nb-
30BaHMA.

[TepedeHb MOJOOHBIX TEXHONTOTUIT IPUBEEH
B Jloxnmage TlenepanpHoro Cexperaps OOH
«Tekyuime Hay4YHO-TeXHMYECKVE TOCTVOKEHUS
Y UX IOTEHLVATbHOE BIMsSHNE HA MeX/yHa-
poxHyn O6e3omacHOCTb M pasopyxenue»’. K
MX YUCIy OTHEeCEeHbl afAUTUBHOE IPOU3BOJ-
CTBO, OCHOBaHHOe Ha TeXHonorunax 3D-mevaru;
aHanu3 6onpmux gaHubX (Big Data) m TexHo-
JIOTUM WCKYCCTBEHHOTO WHTeNNeKTa'’; HaHo-
TeXHOJIOTMY ¥ MaTepuajoBeleHMe, a TAaK)Ke aB-
TOMATU3aIusa 6MONOIMYeCKNX UCCIeJOBAHNII U
pob6oroTexHuka [8-12].

OTMevaeTcs, YTO 3TU TEXHOJIOTMY paclIu-
PSIIOT TAK Ha3bIBAEMYIO «CEPYI0 00acTh» McCie-
JNOBaHMUIT, KOTOpble CO3JAIOT yrpo3y Omomorn-
4eCKOJ1 6e30IIaCHOCTI ¥ MOTYT HaXOAUTHCS BHE
30HBI KOHTPOJIs HaJ, TeXHONOTUSAMMU JIBOVIHOTO
Ha3HAYeHM .

PucyHok 3 - lpuHyunuasneHas cxema paszpaHudyeHus eudoe desmesbHocmu ¢ nosuyuli cmamou | KETO (pucyHok co-
cmaesneH asmopamu ho OdHHbIM, hpedocmaeneHHbiM e: URL: https:/unoda-documents-library.s3.amazonaws.com/
Biological_Weapons_Convention_-_Ad_Hoc_Group_on_VEREX_Second_session_(1992)/BWC_CONF.IlI_VEREX_
WP.33.pdf. dama obpawenus: 27.10.2024)

Figure 3: Concept scheme that distinguishes the types of activities according to the stated in article | of Biological and Toxin
Weapons Convention ((the figure is compiled by authors according to the data, stated in: URL: https://unoda-documents-
library.s3.amazonaws.com/Biological_Weapons_Convention_-_Ad_Hoc_Group_on_VEREX_Second_session_(1992)/BWC_
CONF.1Il VEREX_WP.33.pdf. date of access: 27.10.2024)

? Tekylye JOCTVDKEHNUs B HaYKe Y TEXHOIIOT N 1 MX IOTEHIaIbHOE BIMsIHIE Ha MEXXIYHAPOLHYI0 6€3011acHOCTD 1
pasopyxenue. [loknaz l'enepanpraoro cexperaps OOH. A/75/221, submitted para. 5 of General Assembly Resolution
74/35. URL: https://documents.un.org/doc/undoc/gen/n20/192/68/pdf/n2019268.pdf (mara obpamenns: 24.10.2024).

1o Artificial Intelligence in the Biological Sciences: Uses, Safety, Security, and Oversight. Congressional Research
Service. CRS Report R47849. November 22,2023. URL: https://crsreports.congress.gov (zata obparmenns: 20.10.2024).
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Tak, ucnonbsopanmue 3D-medyaTu cpenano
BO3MOXXHBIM IPOM3BOJACTBO IOJJIeKAIIEro KOH-
TPOJ0 1a60PaTOPHOrO 000PYLOBAHU S, CPE/ICTB
HOCTaBKM U TpPUMEHEHMA OMOIOTMYECKOTO
opyxus. Poct 371eKTpOHHOII KOMMepPL U B OT-
HOLIEHNM OMOTEXHOMOTMYECKOTO M (apMares-
TUYECKOTO IPOM3BOACTBA 3HAUUTENIBHO CHU3UI
3G PEeKTUBHOCTD Mep IKCIIOPTHOTO KOHTPOJIA.

ABTOMaTM3MpPOBaHHOE M3ydYeHMe OOIbIINX
00beMOB TeHeTMYeCKUX MaHHBIX MOXeET IIpHU-
BeCTH! K OBICTPOMY IIPOrpeccy B IOHUMAaHUU BI-
pyneHTHOCTU M maroreHesa. IIpu aTom mocryn
K CEKBEHMPOBAHHbIM Ha CErojHAIIHUII [eHb
TeHOMaM 4e/loBeKa — 4acTO B COBOKYIIHOCTHU C
UX KIMHNYECKVMY TAaHHBIMU — IO3BOJAET Kap-
TUPOBATh BOCHPUMMYNBOCTD K MHQPEKIUAM B
oIpefle/IeHHBIX I'PYIIIaX HaCce/leHN .

TexHOMOrMM MCKYCCTBEHHOIO MHTE/JIEKTa
U MallMHHOe oOydYeHMe, NpMMeHsAeMble K UH-
JKEHepUM KOPOTKMX MOJIEKYT M 6e/lKOB, MMeeT
6onbLIOe 3HAYEHME C MO3ULMY BBIABICHNUA BO3-
MOXXHBIX OMIOpeTyIsATOPOB U TOKCHOB, KOTOpPbIe
MOTYT OBITH VICIIONTb30BaHbI B HapyleHne Kon-
BeHuu. B konTekcre KETO peub Takxe uger o
BbIAB/IEHUY 97IeMEHTOB T€HEeTNYeCKOIo Kojia, OT-
BETCTBEHHBIX 33 BUPY/IEHTHOCTD, IaTOT€HHOCTD,
YCTOMYMBOCTD K JIEKAPCTBEHHBIM IIperaparam, a
TaK>Ke BbIfleJIeH/Ie HOBBIX, paHee He OXapaKTepu-
30BaHHBIX MUKPOOPTaHM3MOB.

Takum o6pasoM, uuppoBU3anus U HOBbIE
TeXHO/IOTM4ecKyue IIaTGOopMBbl MOTYT MOBIUATD
Ha peanusanuioo MpaKTUYeCKU BCeX cTareil
KBTO.

IIpumenurenbHo x Cmamve I - 3TO HOAB-
JleHNe HOBBIX HAYYHO-TEeXHUYECKUX HOCTU-
JKeHMII, BBIXO[AIMX JlaJIeKO 32 paMKJ TpaguLu-
OHHOTO IIOHMMaHMA OMOTOTMYECKOTO OPY>KUA,
HO CHIDKAIOIMe IIPUM ITOM TeXHudeckue Oa-
pbepsl Ha IyTH paspaborku u gocraBku bO.

Cmamos III - ouudpoBKa OUOTOTUIECKUX
DAaHHBIX M PpacTylljiie BO3MOXXHOCTU CEKBEHU-
poBaHus u pegaktuposanus [JHK cospator ce-
pbe3Hble HMPOOIeMBl AN CYLeCTBYIOUIETO pe-
JKVMIMa 9KCIIOPTHOT'O KOHTPOJIAL.

Pap  HOBBIX TeXHONOrMI BBI3BIBAET Ce-
pbe3Hble BOIPOCHI C MO3MLNIT ITUKHU, OGuobe-
30IIaCHOCTU ¥ 0M03amuThl. BO3MOXXHO, B KOH-
tekcte IV Cmamovu npupercs INepeolieHUTb,
HeICTBUTEIbHO N TOCYJapCcTBaMM INIPUHMMa-
I0TCS «BCe HEOOXOMMbIe MePBI I 3aIlpelleHN
¥ IIpefOoTBpalleHNs pa3paboTKy, IPOU3BOACTBA
Y HAKOIJICHV A OMIOTIOTMYECKOTO OPY KM A».

Hosple TexHOmoruu (6onpiive paHHBIE U
cekBenupoBanme JIHK) mnpepmocraBnsoTr ro-
pasfo 6omee MMUPOKUII CHEKTP BO3MOXKHOCTEIL,
C TIOMOLIbI0 KOTOPBIX MOXXHO IOATBEPAUTH
VIM ONPOBEPrHYTb OOOCHOBAHHOCTDH YTBEPXK-
oeHuit o mpepnonaraeMbix HapymeHusax KbTO
(Cmamos VI).

B pamkax VII Cmamvu HOBble TE€XHONIOTUK
HOBBIIIAIOT CKOPOCTh U 3GPeKTUBHOCTh pea-
TMPOBAHMSA Ha BCOBIIIKM OO/Me3HeN, 4TO MMeeT
K/II0YeBOe 3Ha4yeHVe JJIs OKa3aHUs IOMOIIN
rOCyJjapcTBaM, IOABEPraloOUMMCs OMACHOCTH B
pe3y/nbTaTe HapyIIeHN A peXKMMa HepacIpoCTpa-
HeHus bO.

OunudpoBka OMONOrMYECKUX [JAHHBIX KO-
peHHbIM 00pa3oM MeHseT CIoco0, KOTOPBIM
ydeHble MOTYT 0OMeHUBATbCS MHPOpMaLyein u
COTPYAHMYATh B MUPHBIX Lensax no Cmamve X.

He wuckmodeHo, 4to B Ommxaiimem Oy-
AylLieM TOSBATCS HOBble HayYHO-TEXHUYECKUX
DOCTVKEHMSI, HEIIOCPELCTBEHHO He CBsI3aHHBIE
¢ Ouonorueil ¥ MegUIIMHON, HO OKa3bIBaIOI[Ne
CyLleCTBEHHOe B/IUsAHME Ha Bepudukanumo
KBTO [13].

BesycnoBHO, mof06HbIe M3MEeHEHUs HOTpe-
OyI0OT M3MeHEHM ITOAXOJ0B K IIPOBepKe coOIIo-
JEeHMs KTI0YeBbIX MHCTPYMEHTOB IPOBEPKY BbI-
HOJIHEHNU I TOCYAapCTBAMM-YYaCTHUKAMU CBOMX
00513aTeIbCTB, BK/IIOYasi TEPMUHOMOTMYECKUIT
anmapaTt, MepeyHy OMOTOTUYECKUX CPEefCTB U
TOKCUHOB, TIOPOTOBble KOMMYECTBA OMOMOTMYe-
CKMX MaTepuanoB U KPUTEPUM MX BKITIOUEHMUS
B IlepeyeHb, METORMYECKIE MOAXO0AbI K popmu-
POBAHMIO CIIMCKOB 000PYJOBaHMNA, IPOBE/IEHNIO
MHCIIEKIUIT U TPOBEPOK.

TepMuHONOrMYeCcKMIl ammapar. OKcIep-
tamn CrHenyanbHON T'PYIHNbI OBIZIO OTMEYEHO,
4TO IS Mpeofo/eHNs QyHIaMEeHTaTbHBIX pa3-
HOTJIACUIT HeOOXOAMMO efuHOe MOHMMaHUe
TePMUHOB TOCY[JapCTBaMU-yYaCTHUKAMM, KakK
Ha 9Tame pas3paboTku pexxuma ycuneHus KoH-
BEeHI[MU, TaK 1 Ha 3Tale KOHTPOJIS.

Od4eBMAHO, YTO C Y4eTOM HAyYHO-TEXHU-
YeCKMX HOCTVDKEHWII, 0o0lllee NMOHUMAaHUeE Tep-
MIUHOB TOCYAapCTBaMM-yYaCTHUKaMu Oyzer
cnocob6cTBoBaTh 3G(PEKTUBHOCTU BCeX Jieil-
CTBUI, cBA3aHHBIX ¢ KonBeHIIMeI.

Bo MHOrOM 3TO KacaeTcsi TOYHOTO ONMCAHUS
U cbaTaHCUPOBAHHOTIO HOHMMAHMS TOTEHIMaIA
BO3HMKAIOLIUX TEXHOJNOTUII B KOHTEKCTE IIPO-
6nem KBTO. Kak yxe 6b110 OTMeY€HO, K YMCITY
HOJO0OHBIX TEXHOJIOTMII OTHECeHBI: aAAUTUBHOE
HPOM3BOJCTBO, aHAN3 OONBIINX JAHHBIX, TEX-
HOJIOTUM VICKYCCTBEHHOTO WHTE//IEKTa U aB-
TOMATH3aIMsA OUOMOTUIECKUX MCCAeOBAHMII.
CyujecTBeHHass 4acTb paboOTBl C Cepbe3HBIMU
MOCNENCTBUAMU [N 0O0Mo0e30macHOCTH B
NaHHOM CjIy4yae He MMeeT HMYero oOILIero ¢ uc-
MO/Tb30BaHMEM TMaTOreHOB. TakuMm o6pas3owm,
HpOCIeXUBaeTcsl TpaHcPopManus TOHATUS
«OMONIOTMYECKOIl YIPO3bl», OHO CTAHOBUTCS
00/ee KOMIJIEKCHBIM 1M BK/II0YaeT 3/7IEMEHTHI 13
Apyrux o6nacTeil, He CBA3aHHBIX C OMOTEXHO-
JIOTYeN U TPAafUIMOHHBIM IIOHMMaHueM 6110710-
rudeckoro opyxus [14, 15], 4to coszgaer Heo6-
XOAVIMOCTDb BHECEHNS COOTBETCTBYIOIINX M3Me-
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HEHUII B NMOHATUIHBIN ¥ TEePMMHOIOIMYECKUI
ammapar.

IlepeyHn 6MOTOTMYECKUX CPENCTB M TOK-
cuHOB. B poxymeHTax CrenmanpHON TPyIIIbI
9KCIIEPTOB MMOJYEPKMBAETCS, YTO pas3padoTKa
nepeyHeil 6MOTOTMYECKNX CPefICTB U TOKCUHOB
He HallpaB/IeHa Ha Cy>KeHMe 00/1acTy, OXBaThIBa-
emoit KBTO. Mx nenb - 1oOMO4Yb CKOHLIEHTPUPO-
BaThb IOTEHI[VAJbHBII MEXaHNM3M IPOBEPKM Ha
TaKUX CPeJCTBAX M — C UX IOMOIIBI0 — Ha 00Bb-
eKTaX, KOTOpble MOTYT IIPeACTaBIATb 0COOYIO
yrposy nensam KonBeHIun.

Tak>ke HEOOXOMMO OTMETUTbh, YTO GOPMY-
nupoBky Cmamovu [ KOHBeHIIMN, 3aIIpenjaiomiye
JICTIONIb30BaHMe OMOIOTMYECKIX aTeHTOB I TOK-
CUHOB, KOTOpbIe He IIpefHa3HaYeHbI [/ «IIpO-
$UIAKTUYECKUX, 3AMUTHBIX UM MHBIX MMUPHBIX
nesei», CIy>KaT MICTOYHUKOM JBYCMBICIEHHOCTHI
M OCTAIOTCHA OTKPBITBIMM [ Pas3IMYHBIX VH-
Tepunperanuii. Tak, ;o HACTOAILEro BpeMEeHY HeT
KOHCEHCYCHOTO IIOHMMAaHWs TOrO, OXBaTbIBaeT
m Cmames 1 npuMeHeHUe HAaCEKOMBIX U 4Yjle-
HUCTOHOTUX — IEePEHOCYMKOB MHQEKIVOHHBIX
3a60/1eBaHMIL, BpefuTenei CenbCKOX0341-
CTBEHHBIX KY/JIBTYP U TeXHO(DU/IBHBIX MUKPOOP-
raHM3MOB.

B 3TOI1 CBA3M MeTOAMYECKNUeE MOAXOMbI, pas3-
paborannble CrenyanpHoOl rpynmnoi ans ¢op-
MUPOBaHUS HepeyHeil 6MONMOrMIecKNX CPeacTB
Yl TOKCMHOB, MOI/IN OBl OBITH B3ATHI 32 OCHOBY U
HepecMOTPEeHbI 9KCIIEpTaMM C MO3MLNIT UX YHU-
Bepcanusanum.

OrmnpepeneHne NOPOroBbIX KOMNYECTB OMO-
TOTMYecKuX MaTtepuanos. OkcnepramMmu VEREX
ObIIO OTMEYEHO, YTO OJHUM U3 Hamubomee 3d-
($eKTUBHBIX CIIOCOOOB KOHTPOJIS 32 XpaHEeHUEM
0MO/TOTMYeCKUX MaTepuajaoB, UCIONb3yeMbIX B
Lensax pa3paboTky u oneHku 3¢PeKTUBHOCTU
CPeACTB 3aIUTHI OT OMONTOTUYECKOTO OPYKMA,
SIB/ISIETCS] OTpaHMYEHNEe KONM4YecTBa TaKUX Ma-
TepuasnoB. bply mpejo>KeHbl pa3IndyHble IOJ-
XOZIbI K OTPAHMYEHNIO TAKMX KOTIUYeCTB!.

Crneunanuctel CTOKIOIbBMCKOTO MeXK[ YHa-
POJHOTO MHCTUTYTA IO MCCIeAOBAHUIO Ipo6IeM
mupa (anrm. Stockholm International Peace
Research Institute, SIPRI) cocpegoTounnu BHU-
MaHUe Ha KonudecTBe noTeHmaabHoro bO, xo-
TOpOe MOXeT ObITh MCIIONIb30BAHO B BOEHHBIX
nenax. OHM yCTaAaHOBUIIN, YTO 3TO KOMMYIECTBO
coorBeTCcTBYeT 10 Kr 6MOMarepuanos. B pe3yns-
TaTe MCC/IeJOBaHMIT 9Ta Hudpa Obl/Ia yTOUHEHA U
OBbIIO YCTAHOBJIEHO, YTO /IS IPOBeAeHNs paboT
o pa3paboTKe M WCHBITAHUAM CpPeACTB 3a-

muThl 0T BO HeoOX0muMO 5 KT 6110710 M4ecKoro
MaTepuana.

BmecTe ¢ TeM, yKa3aHHBIE [TOJXOAbI He YUN-
TBIBA/I) KOHIIEHTPAIMI0 OMONTOTMYEeCKOTO Cpefi-
CTBa U €ro BUPYIEHTHOCTb. /s yCcTpaHeHus
3TUX HEJOCTATKOB ObUI MPEIIOXEH alTOPUTM,
OCHOBAHHBIII HAa OrPAaHUYEHMM KOITUIECTBA
O61OMOTNYeCKNX MaTepuanoB mo 3¢ deKTUuBHBIM
To3aM (LD50> ID,, n 1.5.). Hauanpable 3HAaYeHMA
LD, , KOHIIEHTpALK ¥ KONUYECTBA O6uonoruye-
CKMX CPEICTB IpeJIaraaoch OnpeenuTh IMocie
[eTaNbHOTO U3Y4YeHUs sKcIepTaMu'?.

Nudpopmannmu o K104eBOM 000pyZOBaHNN.
B xope paboTHI crenyanbHON IPYIIBI OBIIO OT-
MeYeHO, YTO MOTEHI[MAJl JBOTHOTO Ha3HAYEHM S
010/TOrMYeCKUX aTeHTOB ¥ MCCIIe[0BAaTeIbCKOTO
obopymoBaHMs 3aTpPy[AHseT pasrpaHuUyYeHue
HACTYIATe/IbHBIX U OOOPOHUTENIBHBIX MCCIENO0-
BaHmit. IIpn aTom gake HeOONMBIINX 06OBEMOB
0MO/IOTMYeCKUX areHTOB MOXXeT OBITh HOCTa-
TOYHO JI/IS1 ICTIONTb30BaHM B KauecTBe 61omorn-
4eCKOTO OPY>KMS, @ TEXHONOTUIO UX NPOU3BOJ-
CTBa MO>XHO OBICTPO MacIITaOMpPOBATh.

BaxkHoit d4acTpio umeHTHUPUKALUN KITIO-
4eBOro 00O0pyJoBaHUs Ha OODBeKTe SBISIETCS
COOTBETCTBUE [eKaapanunu oObeKTa O 3asiB-
JIEHHBIX BUJAX MEATENbHOCTU U obecmedeHue
YBEPEHHOCTH B TOM, YTO 3TO 00OpyLOBaHME He
JICIIOZIb30BAJIOCh B IPOTUBOIIPABHBIX ILeJAX.
O4eBMAHO, YTO PV YIaCTUM B 9TOM IIpoLjecce
KBaTMQUIMPOBAHHBIX CHENVATNCTOB MOTYT
OBITh IONY4YEeHBI 3HAUYNMTETbHBIE OOBEMBI WH-
dbopmManuy ¢ BBICOKMM HPOTHOCTUYECKVUM IIO-
TeHIanoM. XoTsa o60pyfoBaHME MOXKET ObITh
IepeMeleHo 3a Ipefensl 00beKTa [/ He3UH-
dbopManuy NHCIIEKTOPOB, €0 OTCYTCTBIE B TEX-
HOJIOTMYEeCKOII IeTI0YKe TaKyKe SIB/ISIeTCS O[HUM
U3 3HAYMMBIX II0Ka3aTesell mpy pasrpaHNYeH U
paspelleHHOIl U 3alpeIleHHON AesATeIbHOCTH.
Heobxogumo mnpuHMMaTh BO BHUMaHUE, YTO
COBpeMeHHBble OMOTeXHOMOTMYeCKUe IIOIXO/bI
HO3BOJISIOT HOCTUTATH 6O/Iee BBICOKMX KOHI[EeH-
TpaLuil BUPyCOB U GaKTepuil B KyIbTypaabHbIX
Cpefax, MCIO/Nb30BaTh MOAY/IbHOE U OJHOpa-
30BO€ peaKTOpHOe 00OopyjgoBaHMe, YTO Jaer
BO3MOXXHOCTb OpTaHM3aIMM aJalTUPYEMBIX,
OBICTPO HaNaXXMBAaeMbIX M paclpeeeHHbIX
IPOU3BOACTB, Bepudmkanus KOTOPBHIX OymeT
IpefiCTaBIATh c000il 6o/mee CIOXKHYIO 3a/jaqy U
noTpebyer paspaboTKM OT[eTbHBIX MeTOJuYe-
CKMX mogxomoB [16-19].

JOMOMHUTENTBPHBIM BBI3OBOM CETOJHS SIBIISI-
eTCsl yAaJleHHOe 6MONpPON3BOJCTBO C TOMOLIBIO

! Muckyccuonnslit fokyMmeHT AHG o moporoseix KonmndectBax 6mnonorndeckux marepuanos. URL: https://unoda-
documents-library.s3.amazonaws.com/Biological Weapons_Convention_-_Ad_Hoc_Group_Fifth_session_(1996)

/BWC_AHG_WP.99.pdf (zata obpamenns: 27.10.2024).

12 Working Paper BWC/AD HOC GROUP/WP.290 of the AHG. Article II1. Thresholds.1998. Library of the UN Office

for Disarment Affairs (Branch in Geneva).
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CepBUCOB  ABTOMATU3MPOBAHHOTO  OMOIOTK-
YeCKOro CHHTe3a II0 IMPOTOKOIAM 3aKa3uMKa.
ITpu sTOM OTAenbHBIE PpParMeHThI MOTYT OBITH
CHHTE3UPOBAaHbI B OT/E/NbHBIX a00paTOPUAX,
9TO MOXXeT OBITh MCIOTb30BAHO KaK MAacCKM-
pyoomuit GpaKTOp NpM INONBITKAX HapyIIEHNS
KBTO. 9to morpebyer gocTyma K IudpoBbIM
HPOTOKOJAM CHUHTe3a, KOTOpble HAXO#ATCA B
Pa3HBIX IOPUCAUKIMAX M MOTYT He KOHTPOJIMN-
pOBaTbCA HALVOHAIBHBIMM HPaBUTENTbCTBAMIL.
Takum o6pa3oM, HeoOXOAMMO NPUHUMATH
BO BHUMAaHMe, YTO IIaTOTeHHbIe OMoIOrmye-
CKJ€ areHTBl MOTYT OBITh IOJIy4eHBbI HE TOIbKO
U3 OKpYy)Kaplleil Cpefbl VMIM HAIMOHATbHBIX
KOJIJISKIINIl, HO M IIyTeM HAaIllpaBJIeHHOTO CUH-
Te3a HeNOCPeACTBEHHO Ha oObekTe. B mepsyro
ouepefb 3TO KacaeTcA IIATOTEHOB BMPYCHOI
npupopsl [20-22].

IIpoBepenme paccaegoBaHMII M 3amuTa
KoHQuaeHnnanbHoin unHpopmanuu. Crenn-
aJIBHOW TPYyIION 6bIJI0 OTMEYEHO, 4YTO, eCIu
Kakoe-mnb0  TOCyJapCTBO-yYaCTHUK  MMeeT
000CHOBaHHbBIE, IOJKpEIVICHHble KOHKpeT-
HBIMU JO0Ka3aTe/IbCTBAMM, IOLO3PEHUSA B BO3-
MOXXHBIX HapymeHuax KoHBeHmum o 3ampe-
I[eHNM OMOMOTNYECKOTO OPYXXKUsA, MOTYT OBITh
IpOBeJieHbl IBAa BUJA PacCIefOBAHUIL paccie-
JOBaHUe IIpefIoNaraeMoro NnpuMeHeHusa O6mo-
JTOTMYECKOTO OPYXMUSA M pacciefjoBaHNe JII0-
60ro [pyroro IpejroraraeMoro HapylIeHUs
o6s3atenpcTB 1o KBTO. Ipyrue mogo6HbIe Ha-
pyuwenus o6sasarenscts no KBTO cnepgyer mo-
HUMAaTh, KaK OTHOCAIMECSA He TOTbKO K 00s13a-
TenbcTBaM 10 Cmamve I, HO M K 00513aTeIbCTBAM
no Cmamove III.

OkcnepraMu ObIIM OIpefie/IeHbl MOPAJOK
HojauyyM ¥ PacCMOTPeHMs Xanobbl (3ampoca);
ero copep)kaHme, a TaK)XXe CTPYKTypHBbIe 3JIe-
MEHTBI pacClaeJOBaHNA, BKIIYasd KOHKpeTHBIE
Mepbl INPOBEPKM Ha MecTe, HOPANOK oTbopa
npo6 u mpoBefeHMA aHanusa. B pabouyux mo-
KyMeHTaXx OblIM 3aUKCUPOBAHBI OCHOBHBIE
OPUHLIVIBL ¥ IIPOLEAYPbl PAacCMOTpPeHUs 3a-
IPOCOB, CBA3AHHBIX C IIpe/INIONIaraeMbIMI Hapy-
meHnaAMu KBTO. IIpu aToM cpenaH akleHT Ha
MaKCUMAaJTbHOM WCHONAb30BAHNNU IIOTEHIMaa

Cmameii V u VI n npepnoxeHbl KOHKpeTHbIE
POy PHl UX UMIIIEMEHTALI M.

B xopme 9KcmepTHOTO OOCYX/IeHMSA HeOof-
HOKPAaTHO IOJHMMAJICA BOIPOC obecredyeHus
3aIUThl KOH(}UAEHLIMATBHO! KOMMepPYeCKOit
nnpopmanun. Heob6xoguMo OTMETUTH, YTO
9KCIIepThl HPOSABWIN TMOKOCTH B 3TOM BO-
npoce, coBMecTUB 3¢QeKTUuBHYI Bepudu-
kanyio KBTO ¢ morpe6HOCTAMU TOCYHapCTB-
Y4aCTHMKOB IO 3al[nTe KOHQPUIEHIMATbHBIX
CBefIeHMII.

B sToM maHe IOKa3aTeIbHBI MTOTU JBYX
npo6HbIX Bu3uToB. Ilo ux pesynpraTaM ObIIN
IpefiCTaB/IeHbl Ba pab0YNX TOKYMeHTa — «JIBy-
CTOPOHHSAA INpoOHas INpoBepKa Ha KPYIHOM
HpefNpUATUN II0 IPOU3BOACTBY BaKLIMH»?,
noprorosneHHbIl Hupmepnangamu u Kanapgoii, a
TaKXKe JOKyMeHT Benuko6purtannu «VIHcieknns
Ha nnpakTtuke B Coegunennom Koponescrse: nu-
JTOTHOe (QapMalieBTUYECKOe IPOU3BOLCTBO» .
CrpaHbl, y4acTBOBaBIINe B ABYX NMPOOHBIX BIU-
3UTaX, OTMETMIN B CBOMX HAIVIOHAJNBHBIX 3a-
KJIIOYeHNAX, 4YTO IPeflOCTaBIeHHbINI IOCTYII
He HapylMJI KOMMepYecKylo TaliHy. Bmecte ¢
TeM, BO3MOXKHBIE PUCKU HOTepu KOHUeHI[N-
aTbHBIX IAHHBIX ABUINCH OJHMM M3 OCHOBHBIX
NpensATCTBUII Ipu pabore Hapx mpoekToM Ilpo-
ToKoNMa. YacTu4yHOe Ipeojo/eHNe yKa3aHHBIX
pasHOITIacUI BO3MOXXHO IIyTeM IIPUMEHEHUs
COBpPEMEHHBIX IOPTATMBHBIX aHATUTUYIECKUX
TEXHOJIOTUI, B YaCTHOCTU CEKBEHNPOBAaHUA",
a Tak)XXe pa3pabOTKM CIenuann3upoBaHHBIX
IPOTOKOJIOB, He IpeAIoNaraloliux Iepefayn
00pas1oB U Momy4aeMoil MHGOPMALVY 3a IIpe-
menbl o0bekTa [23-26].

3aknwyeHune

Takum 06pasoM, B CIOKMBIINXCSH YCIOBUAX
appexTuBHOe PpynKkunonuposanme KbBTO Bo3-
MO>XHO JIMIIb IIPY BO30OHOBJIEHNM MHOTOCTO-
POHHUX II€PeroBOPOB B IeNAX 3aK/IIYeHU:d
HeJVCKPUMUHALVIOHHOTO, OPUANYECKN 005-
3PIBAIOIIET0 MOKYMEHTAa, OXBATBIBAIOIIEIO BCe
ee CTaTby Ha COAJITAHCUPOBAHHON U BCeoObeM-
NIOIlell OCHOBE M BKJIIOYAIOUIETO0 Mephl IIpo-
Bepku. IIpum srom mpoekt IIporokona, ABnA-

1 IBycTOpOHHsIsI TpOOHAs IPOBEPKa Ha KPYIIHOM IIPeATpUATIM 10 IponsBoacTsy BakuyH. URL: https://unoda-
documents-library.s3.amazonaws.com/Biological Weapons_Convention_-_Ad_Hoc_Group_on_VEREX _Third_
session_(1993) /BWC_CONF.III_VEREX_WP.112.pdf (gara obpamenus: 29.10.2024).

" Mucnekuns Ha npakTtuke B Coepnuenrnom KoponmeBcTBe: mumoTHOe dapMarieBTIdecKoe mponsBoacTBo. URL:
https://unoda-documents-library.s3.amazonaws.com/Biological Weapons_Convention_-_Ad_Hoc_Group_on_
VEREX _Third_session_(1993) /BWC_CONF.III_VEREX_WP.141.pdf (maTa o6pamenns: 29.10.2024).

!> OrjeHKa BIMSHMS TOCTVDKEHMIT B HayKe ¥ TEXHOMOIVsIX Ha KOHBEHINIO 0 3ampelieHny G1OomornyecKoro u TOK-
cunHoro opyxua. URL: https://royalsociety.org/topics-policy/projects/biological-toxin-weapons-convention/

(mata obparenns: 06.11.2024).

Workshop on Enhancing Transparency for Bioscience Research & Development. NTI Bio. Framing Paper. September
30-October 2, 2024. URL: https://www.nti.org/ (nata obpamenus: 06.11.2024).
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omuitcsa pesynbraroMm ycunuit CrenuanbHOI
TPYIIIBI, BO MHOTOM COXPaHsA€eT CBOIO aKTyallb-
HOCTb U MOXeET C/IYXXMUTb OCHOBOI A/ BO306-
HOBJIEHN A pabOThI 9KCIIEPTOB U OyAyIMX Iepe-
TOBOPOB.

CBOJHBINI TeKCT, HOAroToBNeHHBIN Ilpen-
cepmateneM CnenmanbHoll rpynnel B 2001 r,
CONEPXUT PAJ KOHUENTYaJAbHBIX IIONIO0KEHUIA
M TPaKTUYECKUX PEKOMEHJAlNii, KOTOpbIe
JOJDKHBI OBITH II€PEOCMBICTIEHBI TOCYAapCTBa-
MM-YYaCTHUKAMU C y4eTOM NMOAUTUYECKNX I Ha-
YYHO-TEXHMYECKUX Peannil CETOMHALUIHETO THA.
IIpu sToM BOo3BpaT K MaHpAary 1994 r. c mocneny-
IOLIUM O0CY>X/leHUeM CO3JaHUs IPOBEPOYHOTO

MeXaHu3Ma OyeT CllocoOCTBOBATh YKPeIIEHUIO
KBTO u HapamuBaHNUIO ee MHCTUTYLMOHANb-
HOTO MOTEeHIMaIa.

Konkpernsle acmexkTol IIporokona, mopro-
ToBeHHOro CrenyanbHON T'pyIIoON, HeobXo-
AVIMO PaCCMOTPETDb B CBeTe HAYYHBIX ¥ TEXHOJIO-
TMYeCKUX TOCTUKEHNIT, 4YTO IOCTY>KUT OCHOBOI
ISl YyCTPAaHEHMS MMEMIIVXCA PACXOXTeHUi u
BO300OHOB/IEHMSI [Ja/IbHENIINX IIepPeroBOpoB'S.
bes mpopomkeHusa mogo6HON JUCKYCCHM BO3-
pacTaeT pUCK TOro, 4TO cobmiomeHne Tpebo-
BaHuit KBTO He 6ygeT cOOTBeTCTBOBATH Cyllje-
CTBYIOIVMM HayYHBIM ¥ HOTUTUYECKUM peaniam
I CTaHeT elle 6ojiee GpparMeHTapHbIM.

!¢ JTox/may; TPyIIIBI SKCIIEPTOB 1T0 MHCTUTYLMOHaTbHOMY yKperennio Konsennun. 2019. URL: https://documents.
un.org/doc/undoc/gen/gl9/296/83/pdt/ gl929683.pdf (nara obpamenns: 21.10.2024).

Ozpanuuenus uccnedosanus / Limitations of the study

O6ycIoBIeHbl aHAIM30M TOIBKO AHI/IOSA3BIYHBIX CTAThEIl M3 MOMTHOTEKCTOBBIX AHITIOSI3BIYHBIX HAYYHBIX
JKYPHAJIOB, HTOCTYIHBIX Yepe3 ceTb VurepHer / The limitations of the study are stipulated by the analysis of the
articles retrieved from full-text academic periodicals, written in English and available on the Internet
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Highlights

Human genome editing methods (“genetic scissors®) may be possibly used for biological attacks of various biological
targets, including humans.

We should set up an international surveillance scheme to control the use of this method and to detect cases of hidden
use of these destructive agents created on its basis.

Relevance. Human genome editing has been implemented into clinical practice since 2021 to cure different, mainly
hereditary diseases. This method is quite promising and in the long run it can be used to cure contagious and somatic
diseases as well.

The purpose of the study is to evaluate possible risks of misuse for this method.

The source base of the study. Scientific publications and research papers, available in PubMed.

Research method. Analytical.

Results. It has been shown that genome editing systems can block, remove or restore its own genes or human genome
fragments. They can be employed to destroy whole ecosystems, to develop brand-new massive biological weapons
to kill the population of certain countries. They are even able to change an evolutionary path of our species, and this
may lead to its total extinction within several generations. Defense Advanced Research Projects Agency, DARPA has a
particular focus on the development of tools that can identify the human genome editing, block possible changes and
eliminate the consequences.

Conclusions. The fact that DARPA is so interested in tools mentioned above proves that genome editing is anymore
not an experimental tool. Experts who realize the state of things in terms of biological warfare nowadays are concerned
with the possible misuse of this tool. The use of genome editing should be regulated by a special Protocol to Convention
on the Prohibition of the Development, Production and Stockpiling of Bacteriological (Biological) and Toxin Weapons
and on their Destruction. Because this protocol doesn’t exist yet, the national regulatory authorities are obliged to
establish limits for use of products that are based on these methods. They also should be able to prevent its misuse.

Key words: biological destruction; biological warfare; Cas endonuclease; CRISPR; CRISPR-Cas; genetic scissors; genorme
editing; palindromic repeats; protospacer; spacer
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OcHOBHbIE€ MOMEHTBI

TexHOMOrMY pefaKTUPOBAaHNA FeHOMA YeIOBeKa («TeHeTIYecKye HOKHUIIBI» ) MOTYT I BO3MOYKHO YoKe MCIIO/Ib3YIOTCA
I Lesell OMOIOrMYeCcKOro MOPaXKeHN pas/IMYHbIX OMOTOIMYecKUX 00 beKTOB, BK/II0Yast JIIOfIEIL.

Heobxonumo paszpaboTaTh croco6bl MEKIYHAPOJHOIO KOHTPOIA 3a UCIOIb30BAHNEM JJAHHON TEXHOTOIUMU U A
06HAPY>KeHNUs CKPBITOTO IPYMEHEHS IIOPaKAIOIIMX areHTOB, CO3/JaHHbBIX Ha ee OCHOBE.

Axmyanvnocmy. TeXHONOIMA PeJAKTMPOBAHNA TeHOMA aKTVBHO BHE[PAETCA B KAMHMYECKYIO NPaKTUKy ¢ 2021 1.
IS JIeYeHN A HaCIeiCTBEHHBIX O0/Ie3Hell, B IepCIeKTUBe ee IIpUMeHeHNe OyeT paclpeHo Jiid JiedeHVs MHpeKLu-
OHHBIX VI COMAaTN4IeCKIX O0esHell.

Llenv pabomvt — OLIeHUTDb BOSMOXKHOCTD €€ BPa)XAeOHOTO UCIIOIb30BaHMUA.

Hcmounuxosas 6asa uccnedosanus. Hayamsie paboTsl, IIpefcTaBIeHHbIe B 6a3e JAHHBIX MEAULIMHCKUX U OMOIOTH-
gecknx nmyb6mmkamnuit PubMed.

Memoo uccnedosanus. AHaTUTIIECKMIL.

Pesynvmamupt. CucteMbl pejaKTUPOBAHNA T€HOMA IIO3BOJIAIOT OCYIECTBIATh OMIOKMpPOBaHMe, YAaleHne MIN BOC-
CTaHOBJIeHME COOCTBEHHDIX TEHOB I (PParMeHTOB reHoMa YeroBeka. OHYM MOTYT MCIIONIb30BAThCS /I YHUUTOXKEHS
9KOCHUCTEM, VCIIO/Ib3YEeMbIX YeTOBEKOM; PaspabOTKy IPMHIUINAIBHO HOBBIX CPELCTB MACCOBOTO OGMOIOrMYECKOrO
HOpaXKeHVs] HacCe/IeHUs BBIOpaHHBIX IJIsI YHUYTOXXEHVS CTPaH; U, JaKe, MI3MEHEHIe SBOJIIOLVIOHHON TPaeKTOpUM
HaIllero BUJia BIUIOTH JIO €rO IOJTHOTO BBIMMPAHNUS B TeYeHMe HEeCKONbKMX mokoneHuir. O6paljeHo BHUMaHNe Ha
HOBBILIEHHBII NHTEPeC ATEHTCTBA MEPCIEKTUBHBIX MCCIES0BATEIbCKIX IPOEKTOB MUHUCTEpCTBa 060oponbl CIITA
(Defense Advanced Research Projects Agency, DARPA) Ha paspabOTKy T€XHOIOIMI BBISIB/ICHNS U OIOKMPOBAHIS
MIOC/IEfICTBUII pefaKTVPOBaHM TeHOMa.

3axntouenue. Vintepec DARPA K TeXHO/IOTMAM BBIABIEHNMS U1 OTIOKMPOBAHIIS IIOCTIECTBIUI peSaKTUPOBAHNUS TeHOMa
Je/I0BeKa CBUETE/IbCTBYET, YTO €€ OCBOEHIE Y)Ke MePellIO 9KCIIePUMEHTA/IbHBII PyOex, 1 ee 6eCKOHTPOJIbHOE NC-
II0/Ib30BaHIE BBI3BIBAET CePbe3Hble OMTACEeHNA CO CTOPOHBI TeX, KTO OHVMAeT peaiyl COBPeMEeHHO OM0I0rn4ecKoin
BOVIHBI. VICIIONb30BaHMe TEXHONOIMM PefaKTUPOBaHMsI [eHOMa JO/DKHO OBITh YperyIMpoBaHO B paMKax 0co60ro
[Tporokomna k KoHBeHIMN 0 3ampelieHny pa3paboTKy, IPOU3BOACTBA I HAKOIUIEHMs 3a11acOB 6aKTEPHOIOTIIECKOTO
(6110710TMUECKOT0) ¥ TOKCHHHOTO OPY>KUsI U 00 MX YHUUTOXKeHNM. [I0Ka ero HeT, TO Ha ypOBHE HAIMIOHA/IbHBIX Pery-
JIITOPOB HEOOXOAMMO OIIPEeINTh TPAHNUIIBI IIPYMEHEHSI IPOAYKTOB, CO3JAHHBIX HA OCHOBE TAKOI TEXHOIOTUN, I
OBITb TOTOBBIM K MX BPa>KAEeOHOMY UCIIONb30BAHMLIO.

Kniouegvie cnosa: 6uonozuueckas 6oiina; 6uonozueckoe nopaxceHue; eeHermuyeckiue HoMHUYbL NATUHOPOMHbLE NO-
émopui; npomocneiicep; pedakmuposarue zenoma; cneticep; snoonykneaza Cas; CRISPR

Hns yumuposanus: /lakoma 5. Pedaxmuposaniie 2eHOMA U 3augUma om ezo 8paxcoedHo20 Ucnonv308anus. Becmuux
gotick PXB sauwjumot. 2025;9(1):19-43. EDN:zcdqbl.
https://doi.org/10.35825/2587-5728-2025-9-1-19-43

IIpospaunocmv dunarcosoii OesAmenvHocmu: asmop He umeem GUHAHCOB0TI 3AUHMEPECOBAHHOCU 6 NPedCHas-
JIEHHBIX MAMEPUATAx U memooax.

Kongnuxm unmepecos: asmop sensemcs unenom pedxonnezuu syprana (c 2023 2.). dmo He no8nUANO HA nPpoyecc
peueH3uposanus u OKoH4amenvHoe peuierue.

Dunancuposamue: UCMOYHUKOS PUHAHCUPOBAHUS OIS OeKNAPUPOBAHUS HeMm.

IMoctymmna 10.01.2025 r. I[Tocre gopa6otkm 01.03.2025 r. Ilpunara k ny6ankanmu 27.03.2025 .
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Genome Editing and Defense against Its Misuse

Introduction

On November 15, 2024, Defense Advanced
Research Projects Agency (DARPA), Biological
Technologies Office (BTO) announced a
PROGRAM  SOLICITATION  OVERVIEW
INFORMATION about the Rapid Inhibitor
Discovery and Development pipeLine (RIDDL).
DARPA is soliciting innovative proposals to
develop and demonstrate rapid methods to
identifyand optimize novel molecules that exhibit
inhibitory effects on gene editing technologies’.
Of particular interest are commonly used gene
editors such as Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR)-CRISPR
associated proteins (CRISPR-Cas) nucleases;
gene editing technologies beyond CRISPR-Cas
systems are also of interest to keep pace with the
rapidly advancing field and promote the safe,
controlled use of these technologies.

Objective. Understanding of the dangers of
the use of human genome editing technologies
for military purposes.

Source base of the study. Scientific publications
and research papers, available in PubMed. The
searched keywords are [CRISPR/Cas9] AND
[gene editing] OR [gene therapy].

Research method. Analytic.

Main
The Rapid Inhibitor Discovery and
Development pipeLine (RIDDL) program
explicitly seeks transformative approaches

that enable the rapid discovery, design, and
development of novel inhibitors with enhanced
activity, specificity, utility, and potency for
gene editing technologies. These approaches
could serve as a rapid response to counteract
the accidental or intentional misuse of gene
editing technologies. Novel inhibitor activity
will be assessed in vitro over the course of the
program to demonstrate the efficacy of the
prototype discovery and development pipelines.
The pipelines, as well as a subset of top-
performing molecules at scaled-up quantities,
will be transitioned for testing and evaluation
by Department of Defense (DoD) stakeholders.
Research that generates incremental
improvements to the existing state-of-the-art is
specifically excluded. Total Funding - DARPA
has approximately $17M total for performer
awards and anticipates making multiple awards.

From the background: “The rapidly evolving
field of advanced genome editing tools has
created the ability to modify genetic material in a

manner that is precise, rapid, cost-effective, and
broadly accessible. CRISPR-Cas technologies
represent one of the most widely adopted tools
in the genome engineering toolkit, which already
consists of a diverse set of molecules, including
meganucleases, transposons, recombinases,
protein nucleic acids, zinc-finger nucleases, and
Transcription Activator-Like (TAL) effector
nucleases. From the initial discovery and
demonstration of CRISPR-Cas gene editing
technologies, the field has rapidly expanded both
in the number and types of CRISPR-Cas systems
via advanced computational discovery pipelines
[1]. The advancement of CRISPR-based genome
editingtechnologieshasrevolutionized thefield of
biotechnology and genetic engineering. However,
concerns regarding the precision, specificity, and
control of CRISPR-Cas systems remain. One
promising avenue to address these concerns is
the discovery or design of novel inhibitors. These
molecules have the potential to inhibit and tune
regulation of CRISPR-mediated genome editing
by limiting unintended, off-target edits and
enabling spatiotemporal control of gene editing
activity, thereby enhancing its safety, efficacy,
and utility. Previous DARPA investments in the
Safe Genes program demonstrated discovery of
potent protein inhibitors for a wide array [2] of
CRISPR-Cas technologies, including enzymatic
inhibitors capable of acting at sub-stoichiometric
levels [3]. Safe Genes performers also developed
platforms for discovery of small molecule
inhibitors of CRISPR-Cas systems [4, 5]. Taken
together with work from other groups in the
literature describing nucleicacid-based inhibitors
(6, 7, 8], multiple classes of molecules that exhibit
anti-CRISPR activity have been demonstrated,
providing significant depth and breadth for novel
inhibitor discovery. The RIDDL program seeks
to leverage these prior efforts to develop tools for
rapid discovery, optimization, and validation of
potent inhibitors for gene editing technologies.
Beyond CRISPR-Cas technologies, some recent
discoveries, such as Obligate Mobile Element
Guided Activity (OMEGA) effector TnpB [9] and
Fanzor [10], have further broadened the menu
of RNA-guided DNA endonucleases that can be
programmed for gene editing purposes. These
new editor systems provide further opportunity
to explore development of platform technologies
for discovery of inhibitors to emerging gene
editing technologies. Specifically, RIDDL will
develop platform technologies for highly potent
inhibitors of gene editors capable of arresting

! Rapid Inhibitor Discovery and Development pipeLine (RIDDL). URL: https://sam.gov/opp/d04ec5d6949b435083f

6£582300aca27/view (date: 11.12.2024).

> Program Solicitation Rapid Inhibitor Discovery and Development pipeLine. URL: https://research-authority.tau.
ac.il/sites/resauth.tau.ac.il/files/ DARPA-RIDDL-PS-25-03.pdf (date: 11.12.2024).
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nuclease activity for multiple classes, types,
and species of editors. By harnessing advanced
computational discovery capabilities such as
clustering [11] and deep learning, RIDDL will
develop a platform for 24-hour turnaround
discovery and development of inhibitors of
novel, emergent gene editor technologies. If
successful, the RIDDL program will develop a
pipeline capable of fielding validated inhibitors
in less than 24 hours, enhancing the safety
of gene editing technologies and providing
rapid response capabilities in the event of
accidental or intentional misuse of gene editing
technologies™.

Here, “The RIDDL program is agnostic
to the methods and approaches employed for
discovery or design of novel inhibitors as long
as they are potentially transformative. Proposals
should focus on selecting diverse CRISPR-Cas
systems, updating the CRISPR-Cas system space
as novel variants are discovered or designed to
keep pace with the state of the art, suitable for
demonstrating inhibition and potency. Proposers
are highly encouraged to include recently
discovered CRISPR-Cas orthologs. Proposals
must include inhibitors for CRISPR-Cas systems,
specifically Cas9 and Casl2; however, molecules
that can inhibit other nucleases are encouraged.
Potential approaches to development of novel
inhibitors include, but are not limited to:

« Bioinformatic, biochemical, computational,
or genetic methods to discover new inhibitors;

o High-throughput biochemical, chemical,
and/or genetic screens;

« Directed evolution;

» Multivalent molecules;

« Hybrid synthetic-biological materials;

« Fusion proteins with enzymatic activity;

« Small molecules;

» Modified nucleic acids and mimetics;

« Peptide nucleic acids.

The RIDDL program is also agnostic to the
method(s) by which inhibitors arrest genome
editing activity. Novel inhibitors may utilize a
wide variety of mechanisms of action, including
but not limited to the following:

« Inhibiting DNA binding;

« Inhibiting cutting activity;

« Inhibiting conformational changes required
to initiate nuclease activity;

o Enzymatic degradation of CRISPR-Cas
complexes or components;

o Cleaving crRNA;

o Inhibiting CRISPR-Cas RNA biogenesis;

o Inhibiting formation of CRISPR-Cas
complexes with guide RNA”.

* The text in bold has been highlighted by the author.
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Moreover, “Proposals should focus on the
development of a rapid discovery platform for
inhibitors of novel, emerging gene editor systems,
including Cas9 and Casl2, and including those
generated by deep learning language models.
Objectives include (a) discovery pipeline for
inhibitors of novel editing systems; (b) in vitro
models and assays to test and validate candidate
molecules; and (c) demonstration of potent
inhibition of novel gene editing systems” [12].

CRISPR-Cas system. The CRISPR-Cas
system is an adaptive “immune” system identified
in bacteria and archaea [13].

It is an analogue of the adaptive immune
system in humans. Its key feature is the
generation of memory of past infections. This
allows to rapidly build a more efficient and
robust response to recurrent infections. CRISPR
stands for Clustered Regularly Interspaced
Short Palindromic Repeats. The full form
(CRISPR-Cas) talks about two main parts of
the system. First, there are repetitive sequences,
which are short DNA segments, 20-40 bp long.
These repeats are palindromic. I.e. they are
sequences of “letters” that read the same from
the left or right. Like an example “NEVER ODD
OR EVEN?”. In the palindromic repeat sequences,
each DNA repeat is arranged in the palindromic
fashion. This means that the repeat’s sequence
on one DNA strand is identical to the opposite
strand’s sequence when both are read in their
respective 5" to 3’ direction. (As 5-GGATCC-3’
and 3’-CCATGG-5. When these palindromic
sequences are transcribed to form mRNA, they
create a hairpin structure (due to “internal”
pairing - (GC)(UA)(GC) where UA “sits” on
the loop of the hairpin). The repeat sequences
are highly conserved within the CRISPR locus.
This means that they are all identical, one after
another after another and so on. These Short
Palindromic Repeats are Regularly Interspaced.
This means that spacer DNA or spacers are
present between the repeat sequences. These
spacers are not identical. Each segment of
the spacer is unique. These unique sequences
match with the DNA found in the viruses
(bacteriophages). So, these spacer sequences are
some kind of “memory” of the immune system in
bacteria that protects the bacteria from viruses.
The bacteria use these spacers as recognition
elements to find matching DNA from virus
genomes. This “immunological memory” bank
stores the sequences from previous encounters
with invading organisms. The number of spacers
within a CRISOR array can range from as few as
one to several hundreds. Another part of CRISPR
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is a region rich in adenine (A) and thymine (T).
It is known as the leader sequence and is located
upstream to CRISPR loci. The CRISPR array also
consists of CRISPR-associated genes (cas genes).
These cas genes code Cas proteins. They can be
helicases (they unwind DNA) or nucleases (they
cut the target DNA. These Cas proteins constitute
the backbone of the CRISPR-Cas system
(Figure 1).

How does the bacterial cell protect itself
from the infection? To encounter the infection,
the bacterial CRISPR-Cas plays a vital role. The
CRISPR-Cas mediated defense process occurs in
three steps [15].

i) The first step is known as adaptation or
acquisition. During this step the genetic material
of the invading phage is integrated into the
CRISPR locus. When a virus infects a bacterial
cell proteins Casl and Cas2 identify the invading
viral DNA and excise a segment of specific length
from the viral DNA [16].

This segment is known as the protospacer
or spacer. Then the protospacer is added to
the front of the CRISPR array between the two
repeat sequences. By this mechanism the bacteria
generate the “immunological” memory of the
invaded virus.

ii) The second step is known as expression.
A long primary transcript, the precursor-
CRISPR RNA (pre-crRNA) is generated. This
RNA contains a series of secondary structures
or hairpins because of palindromic sequences.
The pre-crRNA is subsequently processed into
smaller crRNAs by Cas proteins. Each crRNA
consists of a spacer flanked by partial repeats
(Figure 2A).

iii) The third step is interference. In this step
the mature crRNA forms a complex with one or
more Cas proteins. This “search complex” patrols
inside the cell and looks for invading phages or
other foreign material that matches the crRNA
sequence. Once the match is found the spacer
sequence of crRNA pairs with the virus nucleic

Figure 1: The components of the CRISPR-Cas system.
The figure is taken from [14]

PucyHok 1 - KomnoHenmol cucmemol CRISPR-Cas. Pucy-
HOK 83sm u3 [14]

acid and the specific Cas proteins chop up the
invading genetic material (Figure 2B). The crRNA
is also called guide RNA or gRNA. Thus, the
CRISPR-Cas system is also called RNA-guided
targeting of the viral genome.

CRISPR systems in bacteria had evolved to
defend bacteria against viruses. However, the
viral DNA targeted by the search complex has
the same sequence as the protospacer DNA in
the CRISPR array. (The protospacers are the
excised segments of the invading viral DNA.)
How is Cas protein able to distinguish between
itself and “nonself”? Here comes PAM. PAM
stands for Protospacer Adjacent Motif. PAM is a
specific sequence of nucleotides, around 2-6 bp,
that follows the protospacer genome in a viral
genome. It is not a component of the bacterial
locus. In the interference step of the CRISPR
system mediated defense, specific Cas proteins
recognize and bind to the PAM sequence. This
binding facilitates unwinding the DNA target
and allows the base pairing between the crRNA
and the foreign DNA. The DNA is cleaved
(“choped up”) by the Cas proteins [17].

There are six major types of CRISPR-Cas
systems. The classification is based on the
differences in the pre-crRNA processing,

Figure 2: A, CRISPR RNA (crRNA) expression; B, crRNA-
Cas complex chops up the foreign DNA. The figure is taken
from [14]

PucyHok 2 - Skcnpeccus CRISPR PHK (crRNA), A; crPHK-
Cas KoMmnneKc paspezaem uymcepooHyro AHK, B. PucyHok
e3am us [14]
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the interference step, and the requirement of
different Cas proteins [18, 19].

For further explaining we will proceed with
the type 2 i.e. CRISPR-Cas9 system. This system
gained significant attention and is widely used as
a tool in genome editing. It follows from the fact
that:

i) Type 1, 3, and 4 CRISPR-Cas systems
require several Cas proteins for cleaving the
target viral genome.

ii) The Cas9 protein, the part of the search
effector complex, participates in the processing
of pre-crRNA to form mature crRNAs.

iii) Thus, due to the simplicity and requiring
of only the Cas9 enzyme for processing crRNA
and forming search effector complex the
CRISPR-Cas9 has been widely adopted as a gene
adopting tool.

The type 5 CRISPR-Casl2 system uses the
Casl2 enzyme. Casl2 differs from Cas9. It
causes a “staggered” cut in double-stranded
DNA, producing single-stranded overhang
ends in contrast to “blunt” cut made by Cas9.
Casl2 requires only a crRNA for successful
targeting. On the other hand, Cas9 requires both
crRNA and a transactivating rRNA to target
the invading virus’ DNA (see below). Type 6
CRISPR-Casl13 utilizes the Casl3 enzyme. Casl3
isan RNA-guided RNA endonuclease. It does not
cleave DNA but only single-stranded RNA. An
additional feature of Casl2 and Casl3 enzymes
is that they show trans- or collateral cutting
activity. This means that their cleavage activity
is not restricted targeting DNA or RNA, but they
can also cut any single stranded non-targeted
nucleic acid molecule in the vicinity.

The simplified CRISPR-Cas9 system consists
only of three components. Cas9, crRNA and
tracrRNA. This makes this system easy to be
used for genome editing [20].

The simplified engineered CRISPR-Cas9
system was developed linking the two RNAs -
crRNA and tracrRNA to form a single guide
RNA (gRNA) (Figure 3).

Figure 3: Guide RNA. The figure is taken from [14]
PucyHok 3 - Hanpaenswowas PHK. PucyHok eé3am u3 [14]
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Thus, the gRNA consists of two regions. One
is a “program” - 20 letter nucleotide sequence.
The second partis a handle-shaped RNA scaffold.
The “program” of the 20-letter nucleotide
sequence is complementary to the short sequence
of the target DNA of the host which is “required”
to be edited. For instance, if the target DNA has
a sequence ATGCGC (5’ to 3’ direction), then the
gRNA complementary sequence reads UACGCG
(3’ to 5" direction). The other region of gRNA is
the handle-shaped RNA scaffold which interacts
with the Cas9 protein. The gRNA-Cas9 complex
then binds to the target sequence in the host
genome. After binding to the desired position in
the genome, the nuclease domains of the Cas9
introduce double strand breaks (DSB) in the
desired DNA. The Cas9 protein has two lobes.
One lobe is for target recognition, the other lobe
contains nuclease activity. The recognition lobe
is essential for binding gRNA (and target DNA).
The nuclease lobe cleaves the target DNA by
generating double-strand breaks. Additionally,
the nuclease lobe contains HNH (His-Me finger)
and RuvC nuclease domains [21].

The HNH nuclease domain cleaves the
DNA strand that is complementary (i.e. paired)
to the 20-letter nucleotide sequence of the
gRNA. The RuvC nuclease domain cleaves the
non-complementary (i.e. coding) DNA strand
(Figure 4).

When Cas9 creates DSB the cell’s inherent
repair mechanisms can fix them via two pathways.
The non-homologous end-joining repair (NHE])
or homology-directed repair (HDR) [22, 23].

Figure 4: CRISPR-Cas9 system for gene editing. The figure
is taken from [14]

PucyHok 4 - Cucmema pedakmuposaHus zeHoma CRISPR-
Cas9. PucyHok e3am u3 [14]
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NHE]-mediated repair of Cas9 generated
breaks makes the gene inactive or inoperative.
On the other hand, HDR pathway is highly
accurate and can be used to introduce specific
nucleotide changes into the target gene by
inserting or replacing a DNA sequence near
the break site using the donor repair template
DNA. Thus, HDR pathway can be used for gene
knockout, gene tagging, introducing specific
mutations in the (desired) gene, knock-in, or for
promotor studies. In general, HDR pathways are
typically less efficient than the NHE] pathways.
To increase the HDR efficiency it is necessary to
suppress some of the key molecules involved in
the NHEJ [24].

Among the first bacteria harboring the
CRISPR-Cas9 system, it was the bacteria
Streptococcus pyogenes where the CRISPR type
loci were characterized.  Although SpCas9
revolutionized the field of genome editing and
gene therapy it does have some limitations. The
first limitation is its off-target activity which
leads to modifications at ‘non-target” sequences
in the genome [25, 26].

This occurs when the guide sequence of gRNA
pairs with another closely matched sequence in
the genome. The second limitation of the SpCas9
enzyme is the stringent requirement for the PAM
sequence “NGG” (N - stands for any nucleotide
A, T, C, G). With the objective to overcome
these limitations several variants of the SpCas9
enzyme have been developed [27].

The use of different (Cas9, Casl2, Casl3,
Casl4) proteins utilized for genome engineering
are reviewed here [28].

The first variant of SpCas9 enzyme used for
gene editing is Cas9 nickase. Inactivation of one
of the nuclease domains of the Cas9 enzyme
results in the formation of SpCas9 nickase
mutants that cleave or, in other words, introduce
a single nick in one strand of the target dsDNA.
For generating two nicks in the target DNA,
two guide RNAs are required, one for each Cas9
nickase mutant. These two guided RNAs target
the opposite strands of the target DNA., thus
guiding the two Cas9 nickase mutants to generate
nicks in both strands. The nicks in the genome
are repaired with high fidelity as compared with
blunt-ended DSBs (Figure 5). Thus, the double-
nicking strategy of Cas9 nickase significantly
reduces the cleavage and editing of unwanted
off-targets in the genome. The second variant
of SpCas9 is Fokl fused catalytically inactive
Cas9 [29].

To achieve this the SpCas9 is rendered
catalytically inert by mutating both its nuclease
domains, HNH and RuvC. The resulting mutated
spCas9 nuclease is called dead-Cas9 (dCas9)
(30, 31].

Figure 5: Two nicks produced in the target DNA by the two
paired mutated Cas nickases and two gRNAs. The figure is
taken from [14]

PucyHok 5 - [lea Hadpesa, cOenaHHvle 8 ueneeol AHK
08yms hapHbiMu Cas-HUKA3amu, nodsepzuwiuMcs Mymauyuu
u 08yms Hanpaensaowumu PHK. PucyHok eé3am u3 [14]

To achieve this the SpCas9 is rendered
catalytically inert by mutating both its nuclease
domains, HNH and RuvC. The resulting mutated
spCas9 nuclease is called dead-Cas9 (dCas9)
(30, 31].

This dCas9 is fused to the Fokl nuclease
domain to generate the fCas9 enzyme, The
Fokl domain on fCas9 becomes active only
after dimerization. Therefore, it requires two
monomerstobindtothetargetsitesimultaneously
(Figure 6). The third type represent the SpCas9
nucleases with new PAM (Protospacer Adjacent
Motif) specificities [32].

By introducing mutation into the PAM-
interacting domains engineered SpCas9 variants
can recognize the PAM sequences NGCG or
NGAG. Additionally, when aspartic acid at
the 1135th residue of SpCas9 is replaced by
glutamic acid it obtains a much greater DNA
specificity and it shows substantially lower off-

Figure 6: Cleavage of DNA by two fCas9 enzymes with two
gRNAs. The figure is taken from [14]

PucyHok 6 - llpouecc pacwenneHus JHK 0oeyms 3H3u-
mamu fCas9 ¢ 0symsa Hanpaeastouwumu PHK. PucyHok
e3am us [14]
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target activity. The fourth type of SpCas9 are
High Fidelity SpCas9s (SpCas9-HF1, Enhanced
SpCas9, Hyper-accurate Cas9, and HiFiCas9). For
these high-fidelity variants, certain mutations
are introduced into the SpCas9 enzyme to reduce
off-target interactions [33-35].

While the commonly used Streptococcus
pyogenes SpCas9 can tolerate multiple mismatches
in the target sequence other naturally occurring
Cas9 orthologs from Staphylococcus aureus
(SaCas9), Neisseria meningitidis (NmCas9),
Campylobacter jejuni (CjCas9) were reported
to have higher specificity in genome editing
compared to SpCas9. Additionally, these
orthologous enzymes show different substrate
specificities and recognize different PAM
sequences [36].

Delivery of CRISPR components to the
target cells. In principle the Cas9-gRNA
construct cannot be directly inserted into the
target cell. It is necessary to used carriers which
are called vectors. The vectors can be viral or
non-viral. We are not coming into the details
here. The interested reader can find scholar
description in the book cited mainly under the
figure texts [book CRISPR-Cas]. Briefly, among
used viral vectors there are adenoviral, adeno-
associated viral (AAV), and lentiviral vectors.
Non-viral methods offer few advantages over the
viral vectors like reduced pathogenicity, low cost
and ease of production [37].

For gene editing by CRISPR-Cas9, three types
of cargo can be delivered to the target cell:

i) DNA plasmid encoding both the Cas9
protein and the guide DNA;

ii) mRNA for the translation of Cas9 protein
and a guide RNA;

iii) or a ribonucleoprotein (RNP) complex
composed of Cas9 protein and a guide RNA.

Non-viral delivery methods can be divided
into physical or chemical carrier-mediated

methods. Some of the physical methods
include microinjection, electroporation,
gene gun, sonoporation, optoporation or

laser beam-mediated delivery. The chemical
vectors include cationic lipids/lipoplexes
[38], polyplexes polymeric nanoparticles, and
magnetofection [39].

Therapeutic applications of CRISPR-Cas.
In general, there are currently three main fields
where the CRISPR-Cas9 is used in therapeutic
applications. They include:

i) CRISPR-Cas in  adoptive  T-cell
immunotherapy for cancer. This includes
tumor-infiltrating lymphocyte (TIL) therapy,

Engineered T-cell receptor (TCR) therapy,
chimeric antigen receptor T (CAR-T) cell therapy.
ii) CRISPR-Cas9 as antiviral therapy.
iii) CRISPR-Cas9 in the treatment of genetic
diseases.

CRISPR-Cas system applications in gene
editing

CRISPR-based gene drive. Gene drives are
self-propagating genetic elements that rapidly
promote the inheritance and spread of the
desired gene variant through a population®. In
the traditional Mendelian inheritance each
allele has a 50% chance of being passed on to
an offspring. However, through gene drivers
a desired genetic variant has a >50% chance
of being passed onto the offspring thus can be
spread through a population faster. Gene drivers
contain molecular tool that targets other versions
of the target gene, cut is out and replaces it with
DNA using the gene drive as a template resulting
in the homogenous presence of this modification.
Therefore, the gene variant will be present in both
copies on the chromosome pair (homozygote),
and it is inherited in 100% of the offsprings.
Over the successive generations this gene variant
spreads through a population until all (the vast
majority) individuals possess it. Synthetic gene
drive (GD) systems constitute a form of novel
invasive environmental biotechnology with far-
reaching consequences beyond those of other
known genetically modified organisms (GMOs).
Recently developed CRISPR-Cas9 based gene-
drive systems are highly efficient in laboratory
settings, offering the potential to reduce the
prevalence of vector-borne diseases, crop pests
and non-native invasive species [40].

The  bipartite nature and flexible
programmability of CRISPR led to the rapid
development of a variety of gene-drive systems.
One of the strategies for deploying low threshold
gene-drive systems to reduce the disease impacts
of insect-borne pathogens is often referred to
as “population suppression”. It is the genetic
equivalent of insecticides (Figure 7). The
application of gene drivers can address some real
problems such as eradicating malaria, controlling
invasive species, and protecting endangered
species that are in danger of becoming extinct (for
instance frogs and other amphibians worldwide
which are under severe threat from pathogenic
chytrid fungus). Here, in the last group through
gene drives, a protective gene could be introduced
and spread. Adding useful genes to endangered
plants, such as drought tolerance or disease-

* Gene Drives on the Horizon: Advancing Science, Navigating Uncertainty, and Aligning Research with Public Values |
The National Academies Press. URL: https://nap.nationalacademies.org/catalog/23405/gene-drives-on-the-horizon-
advancing-science-navigating-uncertainty-and (date: 10.12.2024).

Journal of NBC Protection Corps. 2025.V.9.No 1



PefaKkTuMpoBaHMe reHOMa U 3aLiMTa OT €ro BpaXkAeb6HOro MCnosib3oBaHus
Genome Editing and Defense against Its Misuse

Figure 7: Design and spread of CRISPR-based gene drives. Gene-drive scheme. The bipartite synthetic CRISPR system (a).
A guide RNA (gRNA; green) binds Cas9 (cyan) directing it to bind and cleave DNA at complementary sites 20 nucleotides in
length. The protospacer-adjacent motif (PAM) site (NGG; red) is required for Cas9 binding to genomic targets. In eukaryotic
cells, double-stranded breaks are repaired either by the error-prone non-homologous end-joining or by homology-directed
repair (HDR), the pathway acting in the germline (b). Insertion of a cassette encoding Cas9 (cyan), and a gRNA (green)
flanked by homology arms (HAs) results in HDR-mediated copying of the cassette from the plasmid into the genomic cut
site (c). The HAs directly flank the gRNA-directed cleavage site. Once inserted into the genome, the Cas9 + gRNA cassette
directs cleavage of the homologous chromosome in the germline and is copied into the DNA break by HDR resulting in nearly
all progeny (~99%) inheriting the ‘gene-drive’ cassette (d). Comparison of Mendelian versus gene-drive inheritance patterns.
In each case, a few transgenic individuals (blue) are introduced to a large wild-type (WT) population (white) (e). Predicted
logistic growth curve for seeding 1% gene-drive individuals into a WT population (f) (the figure was taken from [40])
PucyHok 7 - Co30aHue u pacnpocmpaHeHue 2eHHblx 0patieos Ha ocHose CRISPR. Cxema 2zeHHo20 Opaliea. [JeycmopoHHss
cuHmemudyeckasi cucmema CRISPR (a). Hanpasnsowjas PHK (3RNA; 3eneHozo usema) cessvieaem komnaekc Cas9 (ceem-
710-201y6020 Usema), Hanpaenss ezo HAa ycmaHoeneHue cessu ¢ [JJHK u paspesaHue ee Ha KOMhaeMeHMAapHble y4acmku
dnuHol e 20 Hykneomudos. O61acmb nocsedosamesnbHocmu, npumsikarouwel K npomocneticepy (NGG; kpacHozo ysema)
Heobxo0uMoe ycnoeue 0/ Ces3bl86aHUS 2eHOMHbIX Ueseli ¢ nomowbto Cas9. B saykapuomuyeckux Kaemkax 0eoliHble pas-
pbi8bl Yenoyek 80CcCMaHasAuearomcs AU6o NocpeocmeoM HEHAOeH H020 U He20MO0/102UYHO020 COeOUHeHUs! KOHU08, /U60
nocpedcmeoM penapauyuu ¢ yuacmuem 20Mosno2udHol pekombuHayuu (HDR), nymb Haxooumcs e 3apodviwe (b). Bcmaska
kaccemol, kooupytouleli Cas9 (ceemno-zony60zo usema) u Hanpaensouleli PHK (3eneHozo ueema), Haxodswuxcsi no obe
CMOPOHbLI 0M 20M0702U4HbIX haed (HAs), npueodum K co30aHu Konuu Kaccembl NocpedcmeoM penapayuu ¢ yuacmuem
20Mos02u4Holi pekoMbuHayuu. Konus cozdaemcs u3 naasmudbl U noMew,aemcs Ha Mecmo paspesa e 2eHome (c). fomo-
/102UYHble naeyu pachoaazaromcs ho 6okam om mecma pacuienneHus JJHK. Kak monvko kaccema, codepucauwas Cas9 +
HPHK nonadaem e 2eHOM, OHa HaYUHAem ynpasasimbs NPOUECccoM paclensieHuUs 20M0s102UYHbIX XPOMOCOM 8 3apodbiule-
eoli UHUU, Konupyemcsi 8 Mecmo paspvliea [JHK, npoucxodum eoccmaHossneHue nocpedCmeoM penapayuu ¢ yuacmuem
20Mos102UYHOU pekomMbuHayuu. B pesynbmame smozo ece nocnedyrwuwjue 2eHol (~99 %) Hacnedyrom Kaccemy ¢ ‘2eHHbIM
Opatisom’ (d). CpasHeHue MeHOesee8Cck020 muna Haca1e008aHus ¢ HacsnedosaHuemM o muny 2eHHoz2o Opatiea. B kaicdom
U3 3mux cs1ly4aes HecKo/IbKo mpaHczeHHbIX 06pa3uoe (ebidesieHbl CUHUM ugemom) eHedpsitom 6 60/1bLioe CKoNnsieHUe 2eHos,
He uMerwux HUKakux mymauut (wild-type (WT) population, evideneHo 6esviMm usemom) (e). NpozHo3upyemas nozucmu-
yeckas Kpueasi 0n15 noceea 1 % omodesibHbIX 2eHO8 C 2eHHbIM OpalieoM 6 cKohsieHUe HeMymaHmHbix 2eHos (f) (pucyHoK
e3am us [40])
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resistance genes can potentially ensure their
long-term survival. However, the application of
gene drive technology to eradicate a species can
have direct effects such as the loss of species,
or indirect effects. These indirect effects could
lead to unforeseen impact on human and
environmental health. The selective protection
or eradication of certain species might lead to the
elimination of other species with a lower status.
One of the biggest concerns is the potential
spread of gene drivers to unintended species.
This could happen if crossbreeding of horizontal
gene transfer takes place between the genetically
modified Anopheles gambiae and closely related
species of mosquitoes [41, 42]. This could lead
to extinction or significant alternation of such
species, endangering the food webs and whole
ecosystems that depend on them.

Furthermore, there are situations where the
Cas9 enzyme cuts the target site, but instead
of being repaired by HDR-mediated by HDR-
mediated pathway, it is repaired through an NHE]
pathway. This process may produce gene drive
resistant insertion/deletion alleles. Moreover,
the Cas9 enzyme and gRNA may unintentionally
cause mutations in non-targeted areas of the
DNA. This can lead to unpredictable effects. We
will omit the use of the CRISPR in agriculture
(mutagenesis/mutation breeding, transgene-
free genome editing in plants, resistance
development, crop improvement) and in animals
(models of human diseases, xenotransplantation,
in livestock). The interested reader can find more
in the textbook [CRISPR-Cas] used and cited a
couple times in this article.

Prime editing. There is no doubt that the
CRISPR-Cas is not fool-proof. Its practical use
in curing human diseases has been limited by
challenges with the delivery and precision. The
off-target effects can alter DNA at “unintended”
loci in the genome. The CRISPR-Cas9 genome
editing depends on the DNA repair mechanisms.
It includes NHE]J or HDR to fix DNA breaks.
However, these repair processes can lead to the
undesired and random insertions or deletions
(INDELs) in unintended sequences of DNA
which may harm or disrupt the cell function.
Prime editing is a rather new genome-editing
technique with a greater precision and efficiency,
while limiting the (possible) negative effects of
the CRISPR-Cas system [43].

Prime editing enables targeted editing
without generating double-strand DNA breaks.
Like CRISPR, prime editing requires the presence
of an endonuclease (Cas) and a single guide (sg)
RNA. The prime editing utilizes Cas nickase, a
variant of Cas9 endonuclease. The replacement of
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histidine by alanine at the position 840 (H840A)
inactivates the Cas9 nuclease HNH domain.
With the RuvC functioning Cas9 nuclease
domain introduces only a single-strand breaks
(hence the name Cas9 nickase). Moreover, Cas9
nickase is fused to a reverse transcriptase (RT)
enzyme. The function of the RT is to synthetize
DNA from a single-stranded RNA template.
This construct is referred as prime editor or PE
(Figure 8). The second component, sg RNA is also
modified in the prime editing method [44].

Here, the sgRNA is fused with a primer
binding sequence (PBS). The sgRNA also carries
the template RNA sequence for the change that
one wants to make the genomic target DNA
(Figure 8). These sequences are added at the 3’
end of the sgRNA. This sgRNA is called prime
editing guide RNA (pegRNA) [45, 46].

This pegRNA is performing two tasks
simultaneously. First, it identifies the target site
with the help of sgRNA and second, it provides a
new template (i.e. genetic information) to replace
the target DNA nucleotides. Thus, the prime
editing method can mediate target insertions,
deletions and base-to-base corrections without
the need for DSBs.

The mechanism how the prime editing works
is rather complicated (Figure 9) and we are not

Figure 8: Components of prime gene editing. (a) prime
editor, (b) pegRNA. The figure is taken from [14]

PucyHok 8 - KomnoHeHmMbl cucmembl yayyweHHO20 pe-
0aKmupoedaHusi 2eHoe. a - YsydweHHblli pedakmop, b -
pegPHK. PucyHok 83am u3 [14]
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Figure 9: Mechanism of prime gene editing. The figure is
taken from [14]

PucyHok 9 - YayuyweHHbili MexaHusm peddKmupoeaHusl.
PucyHok e3am u3 [14]

coming into details here. The interested reader
can find the details elsewhere [47, 48].

CRISPR-mediated base editing. For base
editing two major classes of base editors have
been developed. Cytidine base editors (CBE) that
allow conversion of CG to TA base pair, and the
adenosine base editors (ABE) which convert AT
to GC base pair. CBEs are formed by fusing Cas9
nickase with cytidine deaminase. On the other
hand, ABEs are composed of a Cas9 nickase
fused to E. coli tRNA adenosine deaminase
(TadA) [49-51].

The schema of CRISPR-mediated base editing
is shown in Figure 10. Precision editing system
like base editing exhibit significantly lower
INDEL rates. They may also have an important
role in agriculture [52, 53].

Figure 10: DNA Base-editing. DNA base-editors encompass
two key components: a Cas enzyme for programmable
DNA binding and a single-stranded DNA modifying
enzyme for targeted nucleotide alteration. Two classes of
DNA base-editors have been described: cytosine base-
editors and adenine base-editors. Cytosine deamination
generates uracil, which base pairs as thymidine in DNA.
Fusion of uracil DNA glycosylase inhibitor (UGI) inhibits
the activity of uracil N-glycosylate (UNG), thus increasing
the editing efficiency of cytosine base-editing in human
cells. Adenosine deamination generates inosine, which has
the same base pairing preferences as a guanosine in DNA.
Collectively, cytosine and adenine base-editing can install
all four transition mutations (C—T, T->C, A—G, and G—A).
The figure and the text are taken from [49]

PucyHok 10 - basoeoe pedakmuposeaHue JHK. basoevlie
pedakmopebl IHK codepucam 0ea knrouyegbix KOMNOHEHMa:
3H3uM Cas 014 ynpaeneHus npouyeccom cessvieaHus AHK
u ¢epmenm, moouguuupyrouwuli o0Houyenounyrw JHK
07151 MoYeUHbIX usMeHeHuli HyKneomudos. bbiau onucaHbl
2 knacca 6asosbix pedakmopos [JHK: pedakmopul Ha ocHo-
6e UUMo3uHa u pedakmopbl Ha ocHoée adeHuHa. [esamu-
HuUpoeaHue Yumo3uHa npueooum K 06pazoeaHuto ypayua,
Komopuwlli sensemcs KomnsemeHmapHoU napoli MUMUOUHA
e AHK. CausHue uHzubumopa ypauun-AHK-z2aukosunasa
mopmo3um akmueHocme ypauuna N-zauko3usnama, umo,
8 C601 oyepelb, hosbidem 3¢hheKmusHOCMb YUMO3UHA
npu pedAKMupo8aHuu KsaemoK uesnoeekd. JleaamuHupo-
eéaHUe ad0eHO3UHAd hpueooum K 06pa308dHU UHO3UHA,
umMmerwjezo makue xe KomnaemeHmapHoie napwol 6 JHK,
KAK U 2yaHo3uH. BMecme yumo3uH u adeHuUH e npouec-
ce pedaKmupoeaHusi Mo2ym o6paszoeamb 4 nepexoOHble
mymayuu (C—T, T->C, A>G u G—A). PucyHoKk u mekcm
e3samol u3 [49]

CRISPR-mediated gene regulation.
CRISPR-Cas system has the potential to
reversibly activate or silence genes with the dead
Cas9 enzyme. The dead Cas9 (dCaS9) mutant is
a Cas9 where both cleavage domains (HNH and
RuvC) are inactivated. Although dCas9 can no
longer cleave DNA, it can still bind target DNA
with the same precision when guided by sg RNA.
When transcriptional activators are fused to
dCas9, the resulting complex can activate the
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expression of the desired gene. This activation
is called CRISPR activation (CRISPRa). For the
activation of gene expression in eucaryotic cells
the transcriptional activator used are VP64
or p64. VP64 is a synthetic tetramer of the
activation of Herpes simplex viral protein 16. On
the other hand, the p65 is a subunit of the NF-kB
transcription factor (Nuclear Factor kappa-light-
chain-enhancer of activated B cells) [54].

To enhance the transcription activation
power of dCas9 some CRISPR activation systems
have been developed and are expressed in
viral vectors such as adeno-associated virus or
lentiviral vectors. The first CRISPR activation
system is the dCas9-VP64-p65-Rta (dCas9-VPR)
(55, 56].

To enhance the expression of multiple genes
within a single cell utilizing the dCas9-VP64
system, multiple sgRNAs are introduced into the
cell [57].

The second way to enhance the transcription
activation power of dCas9 is by developing the
synergistic activation mediator (SAM). Such
a system is built upon the basic dCas9-VPR
structure but includes a modified sgRNA
that incorporates two 138 nucleotide hairpin
aptamers [58].

The RNA aptamers form the binding sites for
the dimers of the bacteriophage MS2 coat proteins
(Figure 11). MS2 coat proteins can further recruit
additional activators such as p65 and the human
heat shock factor 1 (HSF1). Through synergistic
interactions among the VP64, p65, and HSF1
activation domains the dCas9-Sam system can
enhance the gene expression from 10 to multiple
thousand-fold.

The third way of enhancing the transcription
activation of dCas9 is by using Supernova Tagging
(SunTag) system. The SunTag is a repeating
polypeptide array with multiple copies of GCN4
peptide [59], which can recruit multiple copies
of antibodies that are attached to transcriptional
factors like VP64 or p65 [60, 61].

Figure 11: Synergetic Activation Mediator (SAM) system.
The figure is taken from [14]

PucyHok 11 - Cucmema meouamopoe cuHepzuyeckoli dK-
mueauuu. PucyHok e3am u3 [14]
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Such SunTag-dCas9 activating complex has
the potential to amplify the gene expression by
more than 50-fold.

The CRISPR systems can be used in gene
therapy [62, 63].

Moreover, it can be used a gene repression,
i.e. gene silencing [64-66] and in epigenetic
editing such as DNA methylation and histone
modification [67-69].

Inhibition of CRISPR-Cas systems. In
the Introduction we have introduced the
approximately $17M DARPA program. The Rapid
Inhibitor Discovery and Development pipeLine
(RIDDL) program explicitly seeks transformative
approaches that enable the rapid discovery,
design, and development of novel inhibitors with
enhanced activity, specificity, utility, and potency
for gene editing technologies. Officially, the main
reason is that “these approaches could serve as
a rapid response to counteract the accidental or
intentional misuse of gene editing technologies”.
It should be noted that this approach is not new.
In 2021 Christopher L. Barkau and colleagues
published a paper “Small Nucleic Acids and the
Path to the Clinic for Anti-CRISPR” [70].

We will follow this paper to show the reader
the basic features of the research. The authors
state “CRISPR-based therapeutics have entered
clinical trials but no methods to inhibit Cas
enzymes have been demonstrated in a clinical
setting. The ability to inhibit CRISPR-based
gene editing or gene targeting drugs should be
considered a critical step in establishing safety
standards for many CRISPR-Cas therapeutics.
Inhibitors can act as a failsafe or as an adjuvant
to reduce off-target effects in patients”. In this
review the authors discuss the need for clinical
inhibition of CRISPR-Cas systems and three
existing inhibitor technologies: anti-CRISPR
(Acr) proteins, small molecule Cas inhibitors,
and small nucleic acid-based CRISPR inhibitors
(Figure 12).

Figure 12: Comparison of anti-CRISPR technologies. The
figure is taken from [70]

PucyHok 12 - CpaeHeHue mexHosozuli aHmu-CRISPR.
PucyHok e3am u3 [70]
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Why Inhibit CRISPR-Cas? “Amid the
excitement and progress in CRISPR research
and therapeutic development it may not be
immediately obvious why inhibiting Cas
proteins is desirable. However, inhibition is vital
to the responsible use of CRISPR. It is becoming
increasingly clear that CRISPR will impact
disparate and possibly unforeseen aspects of
our day-to-day life, including our environment,
our food, and our health. Thus, there emerges
a potential need for kill-switch inhibitors that
can directly and completely disable CRISPR-Cas
systems in a variety of contexts. For therapeutic
development, possibly even FDA approval of
certain CRISPR-based drugs, the development
of an easily deliverable inhibitor to stop activity
may become essential. Many approved drugs
have an antidote that can be administered in
the event of accidental misuse or to alleviate
side effects, such as vitamin K and prothrombin
complex concentrate for anti-coagulants like
warfarin or protamine sulfate for heparin.
Importantly, these drugs have relatively short-
lived effects on the body, whereas the effect of
CRISPR is permanent, making the availability
of a Kkill-switch potentially even more vital.
Among the proposed applications of CRISPR
is the development of gene drives to amplify
a trait (for example malaria resistance in
mosquitoes) throughout a population or cause
wild populations of organisms to crash entirely.
These methods, and others yet to be developed,
constitute a form of environmental engineering
that could affect ecosystems, human health,
economies, and power structures on a global
scale. The production of widely applicable
CRISPR inhibitors to counteract instances of
accidental or intentional misuse of gene drives,
or the weaponization of CRISPR against human
populations, may become an urgent global
security priority” [70].

Further: “A practical rationale for inhibiting
CRISPRisalso the prevention of off-target effects,
defined as the unintended cleavage and mutation
of sequences other than the target locus. In an
extreme example of off-target effects, a recent
study utilizing CRISPR in human embryos
discovered that unrepaired cleavage products can
persist through cell division resulting in allele-
specific loss of entire chromosomes. For off-
target reduction, inhibitors might function by
two methods. The first is prevention of significant
off-target cleavage by timed inhibition. This
method is built on the hypothesis that on-target
cleavage, being more energetically favorable due
to full guide-target complementarity, occurs
rapidly while off target activity is less favorable
and accumulates primarily after the on-target
locus has been cut and edited. For example, it

has been shown that temporally limiting Cas9
and sgRNA persistence in cells raises the ratio
of on-target to off-target editing. Encoding a
sgRNA that targets the gene for Cas9 itself has
been demonstrated to cause a self-restriction of
functional Cas9 expression, reducing off-target
editing in human liver cells. This method was
further refined by the addition of an L7Ae:K-
turn repression system to simultaneously
attenuate Cas9 transcription and translation.
Similar results have also been achieved using
timed delivery of the anti-CRISPR protein
AcrIIA45” [70].

And finally: “The second mechanism
by which inhibitors can decrease off-target
editing is by inhibiting excess enzyme. While
this is similar to timed inhibition, it typically
involves simultaneous delivery of the effector
and inhibitor. Another related concept is
“off-tissue” editing. In this case, it is not an
incorrect genetic locus or target that is edited,
but an on-target site in a tissue or organ where
editing is not desired. Unrestricted CRISPR-
mediated editing exposes diverse tissues and
cell types, which may not be disease relevant,
to potentially dangerous off-target mutations,
including deletion of long genomic tracts or
chromosomal rearrangements. Off-tissue editing
should thus be avoided if possible. While some
methods such as tissue-specific expression of
Cas9 and sgRNA and modular LNP formulation
for Cas9 ribonucleoprotein (RNP) delivery
have been described, the ability to inhibit Cas
effector enzymes in non-target tissues would
be a valuable alternative or supplement to other
approaches. In fact, many of these findings may
aid the development of tissue-specific inhibitor
delivery or restricted CRISPR activity. Thus,
the inhibitors of interest are molecules that
can largely act independently from enzyme
engineering approaches and be added directly to
an in vitro reaction, a cell, or potentially a living
animal to block CRISPR-Cas endonuclease or
gene targeting activity” [70].

anti-CRISPR (Acr) proteins. Anti-CRISPR
(Acr) proteins are encoded by phages to
help evade bacterial and archaeal CRISPR
systems. They are also found in certain
bacteria and encoded by mobile genetic
elements [71]. Acrs were first discovered as
five genes encoded in phages of Pseudomonas
aeruginosa [72].

They inhibited the bacterium’s type I-F
CRISPR-Cas defense system, allowing them to
infect P. aeruginosa cultures. Experimenting
with translationally incompetent versions of the
genes revealed that inhibition was translation-
dependent and therefore likely to be protein-
based.
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Small molecules. Despite the attractiveness
of small molecules as CRISPR-Cas inhibitor
drugs, relatively little work has been done on
the discovery and characterization of small
molecules as inhibitors. An early small molecule
investigation screened a library of 189,606
compounds for their ability to inhibit either
RuvC or HNH nuclease activity and found six
compounds that exhibited greater than 30%
inhibition of SpCas9 in their system [73].

Unfortunately, these molecules were found
to be prohibitively toxic to cells at 10 pM and
were thus not considered to be candidates for
animal studies. The authors speculate that
the high number of interactions, as well as
interaction strength, between Cas9, sgRNA,
and its target DNA make it difficult to target
with small molecules. This is similar to known
challenges faced with disrupting protein-protein
interactions [74].

Although this initial small molecule screen
was not successful in finding immediately useful
compounds, it provided a potentially useful
platform for quickly and efficiently screening
other possible inhibitors [75].

Small nucleic acid-based inhibitors (SNuBs).
Inspired by the discovery of Acrs and previous
work on chemically modified CRISPR guide
RNAs [76, 77], small nucleic acids as potential
inhibitors of Cas9 have been explored. The
Cas9 RNP is a prime target for rational design
of inhibitors that can mimic RNA and DNA
binding, which are natural interactions for Cas
enzymes. Nucleic acids can utilize multiple points
of sequence-specific and sequence nonspecific
contact that can be exploited to disrupt RNP
assembly or target binding. Oligonucleotides
designed to have two key points of contact,
Watson-Crick pairing to the guide RNA repeat
region and binding to the PAM-interacting
(PI) domain of Cas9, act as strong inhibitors of
SpCas9 [78].

These designs comprised a DNA hairpin
containing an NGG sequence (anti-PAM), which
mimics a PAM motif, that was tethered via a
polyethylene glycol (PEG) linker to a 2'-O-methyl
oligonucleotide for guide RNA base-pairing (anti-
tracr) (Figure 13). These two linked modules,
anti-PAM and anti-tracr, function synergistically
to stably bind the Cas9-guide RNA complex and
sterically block target binding. Initial designs
produced an inhibitor with a Kd of ~ 25 nM
while successive generations have since produced
binding affinities at least an order of magnitude
better, in the very low nanomolar range.

One of the major challenges CRISPR-Cas
inhibitors will face on their path to clinical
application lies in efficient delivery. While the
obvious application of inhibitors is to reduce off-
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Figure 13: Mechanism of Three Anti-CRISPR Technologies.
The figure is taken from [70]

PucyHok 13 - MexaHusm pabombl mpex mexHonozuli aH-
mu-CRISPR. PucyHok 83sm u3 [70]

target editing across the genome, they could also
be used to suppress editing in non-target tissues
and organs. The former would necessitate delivery
of an inhibitor with the same target distribution
as the CRISPR therapeutic itself, either later
point or simultaneously at a finely tuned ratio to
the effector. The latter, however, would involve
inhibitor delivery with an inverse distribution
before or at the same time as CRISPR delivery.
The distinct nature of each inhibitor technology
discussed above—Acr proteins, small molecules,
and nucleic acid brings unique advantages and
difficulties for their delivery. Potential avenues
of delivery for each inhibitor type are shown in
Figure 14. Currently newer approaches of the
“cargo delivery” have been developed [79-84].
Clinical signs that make it possible to
establish the fact of human health damage
by CRISPR-Cas systems. This crucial and
fundamental problem has, in the author’s
opinion, no straightforward answer. However, in
the recent article [85] “Safely balancing a double-
edged blade: identifying and mitigating emerging
biosecurity risks in precision medicine” the authors
claim: “Tools and methods of precision medicine
are developing rapidly, through both iterative
discoveries enabled by innovations in biomedical
research (e.g., genome editing, synthetic biology,
bioengineered devices). These are strengthened
by advancements in information technology
and the increasing body of data as assimilated,
analyzed, and made accessible and affectable
through current and emerging cyber and systems
technologies. Taken together, these approaches
afford ever greater volume and availability of
individual and collective human data. Machine
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Figure 14: Methods of Anti-CRISPR Delivery. Small molecules can be taken orally and are cell permeable. Acr proteins must
be encoded in an AAV vector or packaged in lipid nanoparticles (LNPs) and delivered by injection. Oligonucleotides (SNuBs)
can be injected directly or via LNP and exhibit uptake and distribution patterns modulated by chemical modifications and

conjugates. The figure is taken from [70]

PucyHok 14 - Memoodwl 0ocmasku aHmu-CRISPR. Heb6osblwiue mMoseKynbl Mozym 0ocmasnsmecs opdsabHO, OHU MAK#ce
A6A110MCs KAemoYyHo-npoHuydembiMu. beaku Acr 00a%cHbI 6bImb 3aKOOUPOBAHbLI 8 8eKMOpP A0eHOdCCoUUUPOB8AHHO20 8U-
pyca uau 003 Hbl HAXO0UMbCS 8 AUNUOHbIX HAHOYACMUUAX U honaddarm e op2aHu3M npu uHvekyuu. OnuzoHyKa1eomuobl
MO2ym nonadams 8 0P2aHU3M HenocpedCmeeHHO Npu UHBEKUUU Uau Yepes AUnUuOHble HaHoYacmuuybl, N(pu 3mom hpouec-
Cbl yC80€HUS U pachpeoesieHus pe2yanupyomcsi NocpeocmeoM XuMuyecKux usMeHeHUl U C/10MHbIX coeOuHeHUl. PucyHok

e3sam us [70]

learning and/or artificial intelligence approaches
are broadening this dual use risk; and in the
aftermath of COVID-19, there is growing
incentive and impetus to gather more biological
data from individuals and their environments on
a routine basis. By engaging these data and the
interventions that are based upon them, precision
medicine offer promise of highly individualized
treatments for disease and injury, optimization
of structure and function, and concomitantly,
the potential for (mis)using data to incur harm”.
Both authors (DiEuliis & Giordano) are widely
known because of their 2017 paper “Why Gene
Editors Like CRISPR/Cas May Be a Game-Changer
for Neuroweapons” [86]. As a possible example we
consider the Huntington’s disease (HD). HD is a
neurodegenerative autosomal dominant disorder,
which is characterized by involuntary choreatic
movements with cognitive and behavioral
disturbances. It occurs because of cytosine,
adenine, and guanine (CAG) trinucleotide
repeats on the short arm of chromosome 4p16.3
in the Huntingtin (HTT) gene. This mutation
leads to an abnormally long expansion of the
polyglutamine in the HTT protein, which leads
to neurodegeneration. The expansion also causes
the HTT protein to be more prone to aggregation
and accumulation that mitigates protein folding.
HD commonly affects patients between the
ages of 30 to 50 years. However, the longer the
CAG repeats, the earlier the onset of symptoms.

Diagnosis can be made clinically in a patient
with motor and or cognitive and behavioral
disturbances with a parent diagnosed with HD
and can be confirmed by DNA determination. In
those patients who are at-risk for the disease, pre-
manifest diagnosis can determine if they carry
the gene. There is no cure for the disease, and
affected patients tend to be entirely dependent
on their caregiver as the disease progresses.
Therefore, treatment is aimed at improving the
quality of life and decreasing complications.
Pneumonia is a common cause of death, followed
by suicide [87]. Nevertheless, the attempts to
treat HD with CRISPR-Cas systems are coming
to age. The selective silencing of mutant HTT
produces robust therapeutic benefits. In [88] the
authors developed an allele-specific CRISPR/
Cas9 strategy to permanently inactivate mutant
HTT through nonsense-mediated decay (NMD).
Comprehensive sequence/haplotype analysis
identified SNP-generated NGG PAM sites on
exons of common HTT haplotypesin HD subjects,
revealing a clinically relevant PAS-based mutant-
specific CRISPR/Cas9 strategy. Alternative allele
of rs363099 (29th exon) eliminates the NGG
PAM site on the most frequent normal HTT
haplotype in HD, permitting mutant-specific
CRISPR/Cas9 therapeutics in a predicted ~20%
of HD subjects with European ancestry. Their
rs363099-based CRISPR/Cas9 showed perfect
allele specificity and good targeting efficiencies
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in patient-derived cells. They were able to show
a dramatically reduced mutant HTT mRNA and
complete loss of mutant protein. The summary
of the latest attempts to treat HD can be found
in a review [89]. The HD can be picked up as
a model for the misuse of the CRISPR-Cas
technology. Instead of silencing the HTT gene
one can imagine the introduction of the mutant
HTT gene by the same CRISPR-Cas technology.
This would enhance the number of CAG repeats
in the brain cells of a healthy population. Now
we can follow the “classical” path in the disease
diagnosis. Firstly, form the medical point of view
we can take the anamnesis. Secondly, we can
recognize a (sudden) growth of the number of
the persons with subtle problems with mood or
mental/psychiatric abilities followed by general
lack of coordination and an unsteady gait. The
progression of the disease is accompanied with
uncoordinated, involuntary body movements of
chorea become more apparent. Physical abilities
gradually worsen until coordinated movement
becomes difficult and the person is unable to
talk. Mental abilities generally decline into
dementia, depression, apathy, and impulsivity
at times. For an experienced neurologist this
(sudden) enhancement of above-mentioned
clinical symptoms must mandatorily lead to
the suspicion of some “unnatural” origins of

the disease. Thirdly, we are obliged to perform
laboratory “helpful” tests. Here, the development
of next-generation CRISPR/Cas-based
ultrasensitive diagnostic tools can be helpful
in the diagnosis of the (mis)use of CRISPR-Cas
systems in humans [90] (Figure 15).

Further, and probably more important, the
physicians can rely on the personalized medicine
with the powerful techniques able to sequence
the whole human genome’. Even the single base
change, not to mention the whole insert or deleted
DNA sequence can be easily detected by this
“personalized, precision medicine” approach.
It should be noted that the main issue from
the diagnostic approach - the anamnesis and
clinical features are the important factors which
could point to the altered gene(s) necessary to be
sequenced®. This could “spare” the sequencing
of the whole genome and establish the diagnosis
sooner. The employment of Al in these laboratory
approaches seems to be mandatory.

Establishing the use of CRISPR-Cas systems
in humans. The first CRISPR treatment for
diseases was approved by the MHRA, UK on 16th
November 2023. Following a thorough evaluation
of its safety, efficacy, and quality, the Medicines
and Healthcare Products Regulatory Agency
(MHRA) has approved a novel medication for
patients 12 years of age and older with sickle-cell

Figure 15: Overview of the basic mechanism involved while adopting CRISPR as biosensors. (a) sample processing, (b)
common reaction pool, (c) Cas effector-based cis-trans cleavage, and (d) post-cleavage detection. The figure is taken

from [90]

PucyHok 15 - O630p ocHoeHO20 MexaHu3Ma, ekaYarouezocs npu obpabomke CRISPR 6uoceHopamu. a - aHanus obpas-
ua, b - 0bwuli peakyuoHHuIl hys, ¢ - YUC-MpPAHc pacwenseHue npu yuacmuu 3¢pgpekmopoe Cas, d - o6Hapy»mceHue nocse

pacwensneHus. PucyHok e3am u3 [90]

* Rentz A. Human genome sequencing powers personalized, precision medicine. URL: https://hub.jhu.edu/2025/02/28/
nih-funding-human-genome-rajiv-mccoy/ (date: 10.12.2024).

¢ UCSC Genome Browser Home. URL: https://genome.ucsc.edu/ (date: 10.12.2024).
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diseaseand transfusion-dependent f-thalassemia to rely on endogenous DSB repair mechanisms
[91]. However, the application potential of first- to achieve genomic edits. Moreover, the delivery
generation CRISPR-based gene editing tools is of the CRISPR components is limited by specific
limited by several key factors, the principal ones constraints of the delivery vectors and target
being specificity, targeting scope, and the need cells or organisms [92] (Figure 16).

Figure 16: Limitations of CRISPR genome editing. CRISPR genome editing faces four principal limitations, each addressed
by specific technological solutions. Specificity: off-target activities of genome editors have been addressed by the
development of high-fidelity nuclease variants, chemically modified guide RNAs, and controlled expression of genome editor
nucleases. Targeting scope: the NGG PAM sequence requirement of SpCas9 restricts the scope of targetable genomic
sites. This is addressed using engineered variants of Cas9 with alternative or relaxed PAM requirements, other naturally
derived Cas9 orthologs with alternative PAM requirements, and Cas12a enzymes. Control of editing outcomes: various
approaches, including asymmetric or tethered HDR repair templates, cell cycle synchronization, and NHEJ inhibitors, have
been developed to enhance the efficiency of HDR and suppress the formation of indels by end-joining pathways. Second-
generation technologies such as base or prime editing enable the introduction of precise modifications independently
of HDR. Delivery: cellular delivery of genome editor components is facilitated by electroporation/nucleofection, lipid
nanoparticles, and viral vectors. The figure and the text are taken from [92]

PucyHok 16 - OzpaHuuyeHus mexHonozuu pedakmuposeaHus 2eHoma ¢ npumeHeHuem CRISP. B pedakmupoeaHuu 2zeHoma
¢ npumeHeHueM CRISPR cywecmeyrom yemolpe 0CHOBHbIX 02pAHUYEHUS, Ka)c0oe U3 KOmopbiX C8513aHO ¢ onpedesieHHbl-
MU mexHosozudeckumu pewleHusmu. CneunduuHoctb (Specificity): Heueneeas desmenbHocmb pedakmopoe 2eHoMa
3ampazueaem passumue 8bICOKOKaUeCmMeeHHbIX 8apUAHMO8 HyKsedasbl, XuMuyecKue usMeHeHust Hanpasastouwux PHK u
KOHMposupyemyio 3Kkcnpecculo Hykaeas pedakmopoe 2eHoma. Llenesoit puanason (Targeting scope): TpebosaHue 06-
sacmu nocsnedosamesibHOCMU, hpuMbiKaroujeli K npomocnelicepy SpCas9 ozpaHuyueaem 0uandasoH uesesbix obaacmel
2eHoMad. dma npobsema pewaemcsi Ucno/b308aHUEM HOBbIX UCKYCCMeeHHO Co30dHHbIX 8apuaHmos Cas9 ¢ abcosntomHo
Opy2umMu unu 6osee MszZKUMU mpeboedHUssMU 6 omHoweHuu PAM, a makxe ecmecmeeHHO hosyyeHHbIMU 0pmosoza-
mu Cas9, komopole umerom opyzue mpebosaHus K PAM. Takxice 603MoxucHO uchosb3osaHue 3H3umoe Cas12a. KoHTposb
pesynsTtaToB pegakTuposaHus (Control of editing outcomes): Cywecmeyrom pasHbeie nodxodul no3eostoWue NOebi-
cumo 3¢hchekKmugHOCMb penapayuu ¢ yyuacmuem 20Mo/102U4HOL peKoMbUHAYyUU 8 moM Yucse dcCuMempu4Has uau npues-
3aHHAs penapayus ¢ yuacmuem 20M0s102U4HOU peKOMBUHAYUU, CUHXPOHU3AYUS K/1eMOYH020 YUK/A, U UH2UBGUMopbl He2o-
MO0/102U4H020 COEOUHEeHUSI KOHU08. Imu Memodbl MAkuce N0360/5KM 0CMaHosumb 06pazoeaHue 6Cmasok Nocpedcmeom
COoe0UHeHUSIKOHY08. TexH0/102UUH08020 NOKO/IEHUSIMAaKue Kak 6a3oeoe usuysydieHHoe peddKkmuposaHue no360/510meHo-
cumb Heo6x00UMble moyeyHble U3MeHeHUs 8He 3aeUCUMOCMU 0M penapayuu ¢ yyuacmuem 20M0os102U4HOU peKoMbUHayuu.
JHocTtaeka (Delivery): locmasxka KoMnoHeHMoe pedakmopoe 2eHOMd 6 K/1iemKU MoXcem 0Cyu,ecme/isimbcs Nocpedcmeom
3/1eKMPOUMNY/IbCHO20 OMKPbIMUS KN€MOYHbIX hop / HyKAeouHgeKyuu, AUNUOHbIX HAHOYACMUUY, U 8UPYCHbIX 8eKMOPOE.
PucyHok u mexkcm e3sameol u3 [92]
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As the limitations of current CRISPR
technologies have become increasingly clear
over the past decade, novel approaches and
methodologies continue to be developed and
fine-tuned to address these constraints and
improve the efficacy and versatility of CRISPR-
based genome editing. These emergent, third-
generation tools and technologies include
recently discovered classes of compact RNA-
guided nucleases that have been adapted for
DSB-based editing and could also serve as
RNA-guided DNA binding platforms for other
genome editor modalities such as base editing
(BEs) and prime editing (Pes). The insertion of

long, gene-sized DNA sequences, particularly
in post-mitotic cells lacking HDR, remains a
major unmet need in the genome editing field.
In this context, the development of CRISPR-
guided recombinases and transposons presents
a promising and potentially powerful avenue to
fill this technology gap. New approaches have
also emerged for genome editing technologies
based on retrotransposons and for editing RNA
transcripts. Finally, the creation of new genome
editor tools continues to go hand in hand
with advances in the development of delivery
methods, which represent a major challenge for
therapeutic applications [92] (Figure 17).

Figure 17: Merging technologies in genome editing. A summary of emerging technologies in the genome editing field.
DNA polymerase editors: This technology combines Cas9 nickases with DNA polymerases and tethering of a single-
stranded DNA template, for example, using an HUH endonuclease. A key difference from prime editing lies in its use of
DNA polymerase rather than reverse transcriptase and the delivery of the DNA template in trans. CRISPR-associated
transposons: These naturally occurring mobile genetic elements utilize CRISPR effector complexes in conjunction with
transposase proteins for RNA-guided transposition to insert long DNA sequences into specific genomic sites. Engineered
CRISPR integrases: These technologies are based on combining prime editors with site-specific serine recombinases. The
prime editing initially introduces a recombinase att the site at the target DNA location, subsequently enabling recombinase-
catalyzed insertion of large DNA payloads. Target-primed reverse transcription: This process involves fusing nickase Cas9
with non-long terminal repeat (non-LTR) retrotransposon-derived reverse transcriptases and RNAs. It operates by nicking
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the target DNA to generate a free 30 end to prime reverse transcription of the retrotransposon-associated RNA, resulting in
targeted DNA insertion. Epigenetic editors: fusions of deactivated dCas9 with DNA methylases and histone-modification
enzymes enable targeted chromatin modifications at specific genomic locations, leading to the heritable repression of gene
expression (CRISPRoff) without altering the underlying DNA sequence. Gene reactivation (CRISPRon) involves targeting
repressed genes using Cas9 fusions with DNA demethylases and transcriptional activator domains. Artificial intelligence
in gene editing: Al is making significant inroads in de novo protein and guide design, as well as in computational prediction
of off-target sites and editing outcomes. The figure is taken from [92]

PucyHok 17 - CausHue mexHonozuli 6 pedakmuposaHuu 2eHoma. Kpamkuti 0630p Hosbix Memo008 6 0b61acmu pedakmu-
posaHus 2eHoma. AHK-nonaumepasbl (DNA polymerase editors) - sma mexHosozus o6veduHsiem e cebe Hukaswl Cas9 u
JHK-noaumepaswl, K KomopbiM npucoeduHsiemcs obpasey ooHoyenoyHol JHK, Hanpumep, nocpedcmeom 3HOOHYK1ea3bl
HUH. OcHoeHoe omauyue om ysiyduwieHH020 pedakmupoeaHus 3aKkaryaemcs 8 mom, umo 30ecb ucnonbsyemcs AHK-no-
/AiuMepasa, a He 06pamHas mpaHckpunmasa u 0ocmaeka obpasya HK ocywecmensemcs e nymu. CRISPR-accouuupo-
BaHHble TpaHcno3oHbl (CRISPR-associated transposons) - amu Mo6usbHble 2eHemu4eckue 31emMeHMbl, NosAéAAWUECs
ecmecmeeHHbIM 06pasom ucnosb3dytom komnaekcbl ¢ CRISPR a¢ppekmopamu e couemaHuu ¢ 6esKAMu mpaHcno3asbl 045
nepemeujeHus Hanpasaswweli PHK, umobbl umMemb 803MO3CHOCMb 86cmasasamb nocsedosameavHocmu JHK e yuacmku
2eHoma. UckycctBeHHo cospaHHble CRISPR unTerpassbl (Engineered CRISPR integrases) - smu mexHosozuu ocHo-
8dHbl HA COBMeWeHUU Y/ydleHHbIX pedakmopos C CepUHO8bIMU PeKOMBUHA3aMuU, Komopble 8/51omcs cheyuguyHbiIMU
3/1eMeHmamu 07151 KOHKPemHo20 y4yacmka 2eHoMd. YaydweHHoe peddKkmuposedHue U3HA4YadsnbHO co30aem peKoMbOuHasy
8 moM Mecme, 20e Haxooumcs ueseeoli yuacmok [HK, umo e 0anvHeliwemM no3eossem Kamanausuposeams npouecc u
ecmasumb 6osbluue uenoyku [JHK e HymHoe mecmo. O6paTHas TpaHcKpunuus ¢ ¢okKycom Ha uesb (Target-primed
reverse transcription) - amom npouecc noopasymesaem causiHue Hukaswl Cas9 ¢ pempompaHcno30HHbLIMU 06PAMHbI-
MU MPAHCKpUNMAsamu ¢ HeO/IUHHbIM mepMUHasabHbiM noemopom u PHK. BoeinosHsemcs Hadpes ueneeoli JHK, umo
npueodum K 0bpasoeaHuro ceo600H0z0 30 KOHUA, 3ameM NPoucxooum o06pamHas MpaHCKpunyus pempompaHno30H-dc-
coyuuposarHoli PHK u ecmaska uenesoii IHK. dnureHeTnueckue pegakrtopbl (Epigenetic editors): causHus deakmu-
supoeaHHoli dCas9 ¢ JHK memunazamu u pepmeHmamu mMoouguKayuu 2ucmoHa N0380/150M hposooumMsb Uesesble Mo-
ouguKkayuu XpoMamuHa 8 omoeslbHbIX YYACMKAX 2eHOMd, Umo hpueooum K HacaedcmeeHHOMY nho0dssieHUr 3Kchpeccuu
2eHoe (CRISPRoff) 6e3 Heobxo0uMocmu eHeceHUs1 Uu3MeHeHUl 8 UCX0OHYr nocaedoseamenbHocmb JHK. Peakmueauyus
2eHoe (CRISPRon) nodpaszymesaem nouck yesesbix nodaesneHHbiX 2eHo8 hpu homowju causHus Cas9 ¢ IHK memunasa-
MU u doMeHamu akmusayuu mpaHckpunyuu Ucnonbsosanne MU npu pepaktuposanum revos (Artificial intelligence
in gene editing) - VW noseosnsiem docmuub 3HaYuMesnbHbIX ychexoe e paspabomke 6Genkoe de novo u OusaliHa Ha-
npaeseHus, d Makie 6 ebl4uc/AumesbHOM NPO2ZHO3UPOBAHUU HeluesiesblX yUacmKoe U pe3ysibmamadx pedakmupoedHusl.
PucyHok e3am u3z [92]

Conclusion

The appeal of DARPA to “develop and
demonstrate quick tools for identification and
optimization of new molecules that exert an
inhibitive impact on genome editing methods”
is quite comprehensible from a logical point of
view - any new technology can be used for dual
purposes. However, it also proves that genome
editing is not an experimental method anymore,
and experts who nowadays realize the state of
matter are concerned with the possible misuse
of these tools in terms of new biological warfare
development. From the medical point of view
when the patient's history is properly taken, a
clinical assessment is made, and all laboratory
tests are conducted, including the sequencing

of the ,suspect modified gene(s) or the whole
human genome, the diagnosis can be determined
quite easily. This approach is straightforward to
find (the place) the attack starts and to prevent
it or to stop it. This article discusses some
approaches to optimization of methods that
exert an inhibitive impact on “genetic scissors”.
Nevertheless, this is not enough. The genome
editing use should be regulated by a special
Protocol to Convention on the Prohibition of
the Development, Production and Stockpiling of
Bacteriological (Biological) and Toxin Weapons
and on their Destruction. As this protocol doesn’t
exist yet, then the national regulatory authorities
are obliged to establish the borders for use of
products that are based on these methods. They
also should be able to prevent its misuse.

Limitations of the study / Ozpanuuenus uccne0oeanus
All data were obtained from public sources; therefore the article is strictly limited on these public sources only. /
Bce maHHBIE IOy YeHBI M3 OTKPBITHIX UCTOYHIKOB, IIO9TOMY CTAThsI CTPOTO OTPAHMYEHA TOIBKO STUMU OTKPBIThI-

MU UICTOYHUKaAMMU.
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Buonornyeckas BoHa NpoTUB CE/IbCKOXO3SMCTBEHHbIX
NMOCEBOB: UCTOPUYECKUIN aCNEKT U KOHBEHLIMOHHbIN KOHTPOJ1b

M.B. CynoTHuUUKun™

®edepanvHoe zocyoapcmeeHHoe 610w emHoe yupexoeHue «27 HayuHeili ueHmp umMeHU akadeMuKa
H.[. 3eauHckozo» MuHucmepcmea o6opoHbl Pocculickoli ®edepayuu,
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OCHOBHBIE MOMEHTBI

- CpefiCTBa U CIIOCOOBI BefleHIIsI BOJIHBI IPOTHUB CeTbCKOXO03ICTBEHHBIX IOCEBOB Pa3pabOTaHbI I MCIIBITAHBI B IOJIN-
TOHHBIX YCTIOBMAX U IIPOBEPEHBI B X0fie BOIHBI Ha KopelickoM IoIyocTpoBe;

- 9TO HU3KOTEXHOIOTMYHAS, HO OITaCHAsl BOJIHA, CPEJICTBA BelleHIA KOTOPOIT He MIMEIOT HaJ|eXKHOTO KOHBEHIIMAa/IbHOTO
KOHTPOJIA.

Axmyanvrnocmy. ITo >xepTBaM MaccCOBBIIT TOIOf, COIOCTaBMM C IIPUMEHEHNeM AfepHOro opykusa. OfHaKo cpefcTBa
U CIIOCOOBI GIOTIOTNIeCKOI BOHBI IPOTHUB CETbCKOXO3SIICTBEHHBIX II0CEBOB IIPAKTUYECKI HE OCBEIIEHBI B POCCHIL-
CKOJI Hay4HOJI IIe4aTy, YTO CHIDKAeT YyBCTBO ONACHOCTYU M CTABUT HAaC B HepaBHOE IIOJIO>KEHUE IO CPaBHEHUIO C
3apyOe>KHBIMI CIELMa/IIICTaMI B JAHHON 00/IacTI.

Ilenv uccne006anus — pacCMOTPEThb B UICTOPUYECKOM aCIeKTe METOMbI BefleH sI 61107IOTM4eCKOl BOHBI IPOTHUB CeNlb-
CKOXO03AJICTBEHHbIX II0CEBOB VI KOHBEHI[MIOHHBIJ KOHTPOJIb, CYLIeCTBYIONINII B HACTOSAIee BpeM.

Ycmounuxosas 6asa uccnedosanus. Marepuaisl cyne6HOro mpouecca B XabapoBcke HaJl AIOHCKUMY BOCHHOCITY-
kauymy; Joxmag MeXayHapogHOl Hay9HOI KOMMUCCUY IO pacCIefloBaHNI0 GaKTOB OaKTepHOTIOrMdecKoll BOJHEL B
Kopee n Kutae (1952); odurmanbHble pacceKpedeHHbIe JOKYMEHTHI 110 Iporpamme 6uomorndeckoro opyxus (bO)
CIIA, KHUTY ¥ CTaTb! 13 IIOJTHOTEKCTOBBIX AHIJIOA3BIYHBIX HAyYHbIX )KYPHAJIOB, JOCTYIIHBIX Yepe3 ceTb JIHTepHeT.
Memoo uccneoosanus. Ananmuudecknit. Vicnonbaosamich pekomennannu Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).

O6cysncoenue. OcHoBHbIe paboTs! 1o saHHOMY BuAY BO nposenens: B CIIA, lfepmanny u SImonny ente B 1940-1950-err.
CpencTBa 1 CIIOCOOBI BefieHNsI BOVHBI IIPOTUB CENIbCKOXO035/ICTBEHHBIX IIOCEBOB OCTAIOTCS BHICOKOA((PEKTIBHBIMIAL.
B pabote onu mogpobHO paccMorpensl. Kpyr maroreHoOB 1 MOTEHIMAIBHBIX LieJIell CTPEMUTEIBHO PACIINPSIIOTCS,
HaJe)KHBIX MEXaHM3MOB KOHBEHIIMA/IbHOTO KOHTPOJIS HeT.

3axmouenue. Hecioco6HOCTD focTnyb cornantennsa no nportokony k KBTO omacHo ackanaryeit pasButusa 6uomno-
TMYeCKUX CPEICTB MOPaKeHNUA. B OTCYTCTBUY IIOHMMAHNUA TOTO, KaK MOYKET BECTHCh BOJHA IIPOTUB CETbCKOXO3I-
CTBEHHBIX [I0CEBOB, HEBO3MOXKHO Oy/IeT YCTAHOBUTD caM (paKT TAKOIl BOJHBI U HAMABIIYIO CTOPOHY. [ToaToMy HYX-
HBI COOTBETCTBYIOIIME 3HAHMA, M UX HeoOXOUMO IIperofaBarh B poccuiickux BY3ax. Haubonee yassumsl k 5O,
MIOPAKAIOIIETO IOCEBbI, CTPAHbI C MOHOKY/ILTYPHBIM 3eMJIefie/leM, C HU3KOI arpOTeXHMKOI 1 JleTafoliye CTaBKy Ha
OIHOJIETHME PACTEHNA.

Knwouesvie cnosa: 6aicmepu0ﬂ02uttecrcaﬂ 80UIHA; 6uonozuteckoe opyxcue; KOHBEHLQMaﬂbelli KOHMPOb; CeNnbCKOX0-
3ALCMBEHHbLE NOCEBDL

HInsa yumuposanus: Cynomuuyxuii M.B. buonozuueckas 60oiiHa npomue cesibCKOX03ALUCMBEHHbLX N0Ce806: UCTNOPU-
YecKuli acnekm u KOH8eHUUOHHDbL KoHmponv. Becmuuxk eotick PXD 3auumut. 2025;9(1):44-56. EDN:vxkuif.
https://doi.org/10.35825/2587-5728-2025-9-1-44-56

IIpospaunocmo dunarncosoii OesmenvHOCHU: A6Mop He umeern HUHAHCOB0L 3aUHINEPECOBAHHOCU 6 NPedcmas-
JIEHHDLX MAMEPUATAX UTIU MEMO0aX.

Kougnuxm unmepecos: M.B. Cynomuuykuii — 3amecmumens enaéHozo pedakmopa sxypuana (c 2017 2.). Imo He
NOBAUATO HA NPOYECC PeUEHIUPOBAHUS U OKOHUAMEILHOE PeuleHILe.

Dunancuposanue: gedepanvroe zocyoapcmeerHoe 0100xemHoe yupexcoerue «27 Hayuruviil yeHmp umeru axademu-
ka H.ZI. 3enunckozo» Munucmepcmea o6oponut Poccutickoti Gedepayuu (27 HI] MO PD).

IMoctynmna 31.01.2025 r. I[Tocre gopa6otkm 18.02.2025 r. Ilpunara k my6amnkanuu 27.03.2025 .
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Highlights

- means and methods of biological war against agricultural crops have been devised and tested at field test site and
approved during the Korean war;

- this is a low-tech, but dangerous war, means of which don't have reliable conventional control.

Relevance. The number of people who have fallen victims to famine is comparable to that the number of people who
have suffered from nuclear weapons use. However, the means and methods of biological war against agricultural crops
almost haven’t been dwelled upon in Russian scientific publications. This dulls our sense of danger and makes us
inferior to foreign experts in this field.

Purpose of the study is to consider the historical aspects of means of biological war against agricultural crops and
conventional control tools that exist nowadays.

Study base sources. The author has studied the Khabarovsk trials dedicated to crimes committed by Japanese military
men; Report of the International Scientific Commission for the investigation of the facts concerning bacterial warfare
in Korea and China (1952); official declassified documents on the United States biological weapons program, books
and articles retrieved from full-text English scientific journals available on the Internet.

Materials and methods. Analytical. The author used suggestions of Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA).

Discussion. The USA, Germany and Japan have been leaders in the development of biological weapons of this type
since 1940-1950. Means and methods of war against agricultural crops are still powerful. This paper has thoroughly
dwelled on this topic. Current trends have turned the situation in this field into chaos, the range of pathogens and their
potential targets is constantly widening, there are no reliable conventional control tools.

Conclusions. As we actually don’t fully understand the ways and methods of war against agricultural crops, we can miss
the very onset of such a war and we won't be able to detect the enemy. That is why we should broaden our knowledge
in the field; this topic should be studied at the universities. Monocropping countries with poor farming techniques that
grow mostly one-year-old plants are more vulnerable to biological weapons damage effects.
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ITocne mymHoi KaMmaHuy 60pbObI ¢ 6M0-  cTymHOCTY O6Monormyeckoro opyxus (bO), 60mb-
Teppopu3MoM KoHIja 1990-x u Havyana 2000-X IT., IIe BBI3BAaHHBIX HEOOXOAMMOCTBIO OTPabOTKM
COIIPOBOXKJABIIENCsA MU(POTBOPYECTBOM O [O- MEXaHU3MOB JaBJIEHMSA Ha CTPAHbI, HEYTOJHbIE
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3amapy, 4eM 03a00YeHHOCTBIO I pobIeMaMu
onoreppopusma u HepacupoctpaHenus bO, Ha
MHGOPMALVIOHHOM I0/Ie HACTYINU/IA «TUIINHAY.
B o61ecTBeHHOM MHEHNY ITPOYHO 3aKPEeIUIOCh,
410 BO - 9T0 TN60 «BUPYC», HYCTD Jaxke CUOUP-
CKOJT 53BBI'; 16O YYMHOI TPYII, 3a0pOIIeHHbII
KaTaIy/lbTol B OCa)XXIEHHYI0 KpermocTh’. BHe xe
MHGOPMALVIOHHOTO IO/ HPOXOAMUIN COBCEM
npyrue cobwitusa. CIIA B 2001 r. jeMOHCTpa-
TBHO BbIIN u3 IIpoTokona® — um MexpayHa-
POMHBII KOHTPOIb Haj pabotamu B obmactu BO
He HyXeH. PasButne camoro bO 3a 310 Bpems
VI3MEHIIO TPaeKTOPUIO — BMECTO IOPaXkKaoIMNX
areHTOB Ipouutoro (6axrepuu, BUPYChI U rpubd-
KOBBIE€ OPTaHM3MbI), IOSBUINCH CUHTETUYECKIEe
KOHCTPYKILIMM, CIIOCOOHBIE BO3[elICTBOBATh Ha
TeHOM Ye/IOBeKa U He mopmajapmue mnoj KoH-
BEHIMIO O 3alpelleHuy pa3paboTKy, Hpous3-
BOJICTBA M HAKOIIEHUs OAaKTePMONIOTUIECKOTO
(61omOrM4ecKoro) ¥ TOKCMHHOTO OPYXMA U 00
ux yHmuroxeuun (KBTO) [2-5]. Opnako cy-
IIeCTBYIOT M «CTapble TEXHOMIOTUM» OMOIOTHU-
4eCKOJ BOJHBI, OCBOEHHBIE ¥ OTpabOTaHHBIE,
HO He yImoMMHaBuIuecs «bopuamm» c 6morep-
pOpOM, OT TOTO CTaBlIye elje 6oee OMACHBIMU
— Omonoruveckas BOJIHA IIPOTUB CeNTbCKOXO3II-
CTBEHHBIX ITOCEBOB. Bosblas 4acTh HaceneHUs
Mupa yIZOBIETBOPsIeT CBOM MOTPeOHOCTM B Ka-
JIOpUAX 32 CYET PACTUTEbHON NMUINY, TAKOIM KaK
HIIeHNIA, PUC U KYKypy3a. Bech onmbIT 4enoBe-
9eCKOJ IMBMIM3ALMUM CBUJETETbCTBYET, YTO
MacCOBBIII TOJIO IO >KEPTBAMM COIOCTABUM C
IpuMeHeHueM sfiepHoro opyxus’ [6]. VI o Takoit
BOJIHE HaJ0 3HATh.

1
11, BO30yayuTeNb MH(EKLIVOHHOI 00Ie3HN U Ap.

2 Cwm. paboty Onnienko I'T. ¢ coasr. [1].
3

IJenv pabomvr — paccMOTpeTh B UCTOpUYe-
CKOM acCIleKTe MEeTO/bl BelleHIsI OMOMOrMmIeCcKOo
BOMHBI IPOTUB CEIbCKOXO3SAMCTBEHHBIX IIO-
CeBOB 1 KOHBEHI[MOHHbIII KOHTPO/b, CYIleCTBY-
IOIIVIT B HACTOSAIILEE BPEM L.

Ins mocTy>XKeHUsA JOAHHONM LjelM pellaanch
clegyouye 3ajaun:

- HOWCK HAay4YHBIX NyOnukaumit m oduin-
a7bHBIX JIOKYMEHTOB, COfiep>KallNX CBeleHU:A
0 IpueMax U TeXHUYECKUX CPeiCTBAX BeIeHUS:
OMOIOTNYECKOl BOVIHBI MIPOTUB CETbCKOXO3SIl-
CTBEHHBIX IIOCEBOB;

- IO 3TUM MCTOYHMKAM BBISABJISAAU U OIIM-
CbIBa/IM CBOJICTBA IIATOT€HOB pPACTEHUIl, pac-
CMaTpMBABUINXCA B KauecTBe IOPaXaIIUX
areHTOB [/ CeNbXO3KY/IbTYp BO BpeMs Bropoii
MMPOBOI1 BOJIHBI U B IIOCTIEBOEHHDBII IIEPUOJ;

- B 3TOM KOHTEKCTe KPAaTKO paCCMOTPEHBI CO-
BpeMeHHbIe TeH/JEHIIUM BeJleHWsI TaKOI BOVTHBI’;

- OIleHMBAaJIach HaJIe)KHOCTh MeXaHM3MOB
KOHBEHIIIOHHOTO KOHTPO/A 3a 3TUM Bugom bO.

Hcmounukosas 6asa ucciedo8anuss — Mare-
puanel cypebHoro mpouecca B XabapoBcke
HajJ SMNOHCKMMM BoeHHocnyxamumu (1950,
2021)%, paspabaTpIBaBIIMMM WU TNPUMEHSB-
mumu bO Bo Bpems Bropoit MupoBoOii BOIHBI
Joxnap MeXAyHapOAHOM Hay4HO! KOMMCCUM
mo paccinegoBaHnio (GakToB OGakTepmonormye-
ckoi1 BoitHbl B Kopee u Kutae (1952)"; opunu-
aj7IbHble pacceKpedyeHHble JOKYMEHTBI IIO IIpO-
rpaMmme 6monorndeckoro opyxusa CIIA, kauru
M CTAaTbU U3 TOTHOTEKCTOBBIX AHTJIOSA3BIYHBIX
Hay4YHBIX JKYpPHAaJIOB, JIOCTYIHBIX 4epe3 cCeTb
NuTtepHer.

Tax Torga ronamu nucanu B Hamux CMU, HenpaBUIbHO HepeBe/I s aHITIMIICKIIT TEPMUH «Virus» — 3apasa, MHpeK-

«IIpoTOKON» B JAaHHOM KOHTEKCTe — 3TO JOKYMEHT, KOTOPBIl JO/DKEH OIpefe/INTh MEeXaHU3MbI KOHTPO-
ns 3a coonopenneM KBTO. Cum. «IIpotoxkon KoHBeHIum o 3ampeujeHny paspaboTKy, MPOU3BOACTBA M Ha-
KOIIEHUsA 0aKTepUONIOTn4ecKoro (6M0I0rn4ecKoro) M TOKCMHHOTO OPYXUA U 00 MX yHmuToxeHum». URL:
https://documents.un.org/doc/undoc/gen/gl0/218/25/pdf/gl021825.pdf (zata obpamenns: 10.12.2024).

* Orromnoga B 6mokagHoM JleHnHTpaje moru6mo 6omee MUIIMOHA Y€TOBEK, 3TO Ha IOPSAJOK OOblile, YeM Moru6o
SIIIOHIIEB B pe3y/IbTaTe IIPUMEHEHU AfIepHOTO OpyKus 1o ropogaMm Xupocuma u Haracakn. Xom Mbicin 6puraH-
CKUX KOJIOHM3ATOPOB, IPSIMO KACAIOIIUIICS HAC: «... [[EHHOCTHIO 9TUX areHTOB ISl ICIO/Mb30BaHMUs OpraHM3aI-
eif MMPOBOII 6e30IMacHOCTH B KadecTBe GOPMBI CAHKIINIE IIPOTIB HEIIOKOPHOI Hallyy, KoTopast 6bia 661 6oree ObI-
CTpOIL, ueM O/I0Kafia, I MeHee OTBPATUTEIbHOI, 4eM aTOMHast 6omOa. .. (1) 1X BO3MOXKHBIM JCIIONIb30BAHMEM B Iie-
JISIX BHYTpeHHelt 6e30macHocTy B VIMIepun, HalipuMep, Ajis yHUYTOXEHNUS IPOOBOIbCTBEHHBIX 3a11aCOB MTHAKO-
MBIC/ISLIVX IIIEMEH C 1Ie/TbI0 KOHTPOJISI HaJ| TepPUTOPHENL...» [6].

> Tema I Da/bHENIINX UCC/IELOBAHMIL.

¢ Marepuansl cyfeOHOTO Ipoliecca 110 fieny ObIBIIMX BOCHHOCTYXKAIUX AMOHCKO apMUM, OOBUHAEMBIX B IIOJ-
TOTOBKe I IIPMMEHeHMM GaKTepHOIorndeckoro opyxusa. M.: 1950. CkagaTb «MaTepuasl ...» MOXHO 3fech: URL:
http://militera.lib.ru/docs/da/materialysudebnogo processanippon/index.html

Xabaposckuit mpouecc. JJoKyMeHTanbHble CBUIETENbCTBA: COOPHMK JJOKYMEHTOB / OTB. pef. cepun E.II. Ma-
neimeBa, E.M. Ilynaesa; ots. pen. JI.JI. llanosanosa; ors. cocT. AV, Illnmuknn; BcTyn. cratbsa C.B. Cnmsko.
M., 2021. 352 c., wa. URL: https://doi.org/10.55297/9785999000859 (cxauarb «COOPHMK ...» MOXXHO 37ech: URL:
https://disk.yandex.ru/i/sJ3zZRPRqolTWA2).

7 JJOKJIaZ MeXXAYHAPOLHOI HayIHOI KOMUCCHUM II0 PacciefoBaHuio (pakTos 6axTepuomornieckoit Boitusl B Kopee
u Kutae. [lexnn; 1952. [lanee — Joknap ..., 1952.
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Memoo uccnedosanus. Ananuruaecknii. Vic-
HOJIb30BA/INCh PEeKOMEHJAINN IO aHa/IN3y Ha-
yuHoit nuteparypsl Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA)3.

TepMun «Ouonormveckass BOHa» B KOH-
TEeKCTe IIOPaKeHUSA CeIbCKOX03AMCTBEHHBIX
pacTeHuit umMeet 6onee MMPOKUIT CMBICT, YeM B
OTHOIIEHUM €ro TPaAVIMOHHOTO IOHMMAaHNA,
KOTZa pedb MJET O JNIOAAX, HOCKOIbKY Cpefi-
CTBaMU INOPaXeHNUs CIYXKaT He TONBbKO I'PUOBI,
O0aKTepuy M BMPYCBHI, HO TaK)Xe M CeTbCKOXO-
35/ICTBEHHbIE BPeUTEe/NIN; BMELalolye UX 9KO-
CUCTEMBI; COPHAKMN; XUMMYECKUe COeJNHEHMNA,
noA00HbIe TOPMOHA/IBHBIM Bell[eCTBaM; K/IVMa-
T4yeckue (GaKTOpBl M MHOTME ApPyTye TPYLHO
HpocyuTeiBaeMble (akTopbl. B mpaktuyeckom
aCIeKTe, YHMYTOXXEeHNe CeTbCKOX03A/CTBEHHBIX
I0CceBOB — Hambormee ApeBHee CPEACTBO TO-
TaJTbHON BOJIHBI, IO3BONAKNIIEee He yOuBas
JIOfeil M >KVBOTHBIX, He paspyllas JepeBeHb,
TOPOMIOB ¥ NPEeANPUATHIL, TOOEAUTD CUIBHOTO
Bpara’ [7, c. 171].

VcTtopmyecknii acmeKT mpo6naeMbl BOIHBI
IPOTUB CETbCKOXO3AMCTBEHHBIX MOCeBOB. [lo
HacToslero BpeMeHu amonoreroB bO Bpox-
HOBJISIIOT NMPUMEpPBI TON0AA, BBI3BAHHOTO YHNY-
TOXKEHMEM  Ce/IbCKOXO3AMCTBEHHBIX IIO0CEBOB
naToreHaMu pactenuit. Camoil karactpodude-
CKOJT 113 M3BECTHBIX CTa/Ia BCIBILIKA, BBI3BAaHHA S
rpubkom Phytophthora infestans (®urodropa
UHBa3uBHasA) B Vpmanpgum B 1845-1846 rr. B
pesynbraTe Trojlofa MOTMOMM MOYTU MUJUIVOH
upnaupgues [8, 9]. B konme 1880-x rr. rpu6-
KoBbIl (uromaroren Hemileia vastatrix (ko-
¢eitHasA pxaBUMHA), YHUUTOXUJI Ypoxkail Kode
B IOro-Bocrounoit Asun. bypad mATHUCTOCTH
puca (OIMpUKYIAPUO3), BbI3BAaHHAsA TIpubOM
Pyriculariz oryzae, cTanma ofHON U3 IPUYNH OITy-
CTOIINTENBHOTO ronona B beuranuu B 1943 1. [6].

Opanyus. Ilepen Bropoit MupoBoil BOIHOM
uccnefnoBanua u paspaborku BO, mpegHasHa-
YEeHHOTO J/Is1 YHUYTOXXEHUS YposKas, ObIIN CO-
CpPeOTOYeHBl BOKPYT MCIOIb30BAHMUA KOJO-
PafickuX >KYKOB UM 3apeKOMEHJOBaBLIEro ce6s
100 ner Hasax B Vpnmauauu Bo3Oymutens ¢u-

toproposa (P. infestans). MuIIeHbIO TaKOTro
OpPY>XMsI IpefIoNarajoch CHenaTb HeMelKue
KapTodenbHble IOCEBBI, ONHAKO BTOP)KEHIE
ruTaepoBieB B 1940 r. copBasno atu maausl [10].

T'epmanus. ToroBunmach HaHecTH yuiep6
CeTbCKOXO03/CTBEHHBIM KynbTypaM CoefHeH-
Horo Koponescrsa u CIIA. Cnegyomuii COucok
JaeT IIpeAcTaBlIeHNe O MacmTabaX TOTOB:A-
1[eiicss 6MOIOTNYeCKOil BOMHBI IIPOTUB yPOXKas
atux crpan: Kartoffelkafer (xaprodenbusiit
XKYK ¥ KOJNOpajcKmit XykK), Rapaglanzkafer
(pamcoBblil XYK), Rubenaaskafer (pennblit rHu-
JOCTHBIN KYK), Rubernrusselkafer (pemnsrit
nucroen), Rubenblattwanze (pemHblit  nu-
croen), Weizenschadling (IeHNYHasA «THUIIbY),
Weizenalchen (Tylenchue tritici wnu dYepsen
nimeHnusl), Japnische Kafer (BcessmHbIN XyK 13
Anonun), Wiesenschnaken (macrbuiinble Xo-
Mmapsl), Grassule (Schmetterling nnn 6abouka),
Nonne (HouHble Monu), Riefenblattweape (pu-
HPUOH WIIN COCHOBble NUCTOBBbIe OcChIl), Tilletia
tritice (ycTMlarMHa WIM TNIIEHNYHAS THUID),
Getreide rost (xenras, KOpUYHeBas, dYepHas
pxaBumMHa 3epHa), Puccinia glumarum (pxaB-
4yyHa), Septora tritici (BpeauTenb IIIEHNIIBI),
Cercospore (rpmbok pensr), Kartoffelkrautund
Knollen Faule (P. infestans nnn kaprodenbHas
raunab) u Unkraut (copusikn). Ocobbie Hame X IbI
BO3/arany Ha rpubkoBble ¢uromarorenst. Ilo
3aMBIC/Iy HEMELKMX MJeOT0roB Ouomornde-
CKOJl BOWHBI XenrTas, Oypas U 4YepHas T'HUIb
3€pHOBBIX KY/IBTYpP HOIKHBI obecrednthb 50 %
YHUYTOXEHWA 36PHOBBIX KYIbTYP IPOTUBHUKA.
IIpoBOAM/INCH TIONEBbIe MCIBITAHUSA CYXUX pe-
IeNTyp TaKUX areHTOB, B KauecCTBe fie3arpera-
TOPOB CIIOP UCIIOTH30BAJICS TaNbK [6].

Anonus. Ha NpoMBILIIEHHYI0O OCHOBY IpO-
U3BOJCTBO (UTONATOTEHOB OBI/IO MOCTABIEHO
B JUCIOUVPOBAHHBIX B MaHBWXypun oTpsapgax
AnoHckoit apmuu Ne 731 u Ne 100. Otpagsl ocy-
IeCTB/IAIY OPIaHU3AINIO U IPOBeieHIe JUBEP-
coHHBbIX akToB B oTHomeHun CCCP n Kutas.
M3 ¢utomarorenoB Tam paboramm c Bo3Oy-
OUTENSIMM MO3aMYHBIX OonesHeit pacteHmit',
YyepHOIT 1 KpacHON p>xaBumHbl. OTpsag Ne 100 B
rOff MOT IIPOM3BOAUTH 0 100 KT rpubKa KpacHOI

8 PRISMA. URL: https://www.prisma-statement.org/ (gata obpamenus: 05.04.2024).

 VIHMIMATOPOM TaKOIt 60/IOTMYECKOIl BOMHBI MOT'YT OBITh He TOTBKO TOCYHApCTBa, BeAyIL/e BOIHY Ha IOTHOE
YHUUTOXKEHME IPOTUBHUKA, HO I TEPPOPUCTHI U3 KBA3UTOCYapPCTB U pafiuKanbHbIX TeueHuit. Hampumep, B Hada-
e 2012 1. 651K OMYOIMKOBAHBL 2 BBIIYCKA (HOMepa 8 11 9) pafuKarbHOIO MC/IAMCKOTO aHIIOA3BIYHOTO XXYPHaIa
«Inspire». ITepBblii BBIITYCK COREPXKUT CTATHIO 32 MOAINCHI0 YOMTOTO aMepUKAHCKIMY BOGHHBIMM Lielixa AHBapa
anb-ABnaku (1971-2011), B KOTOPOIT OH OIPaB/IbIBAET UCIOTb30BAHNE S/[OB ¥ OMONTOTMYIECKIX Y XUMUYECKUX Be-
I[eCTB JI/Is1 COBEPILIEH NI HAalla/{eHNIT Ha HaCeTIeHHbIE IYHKTHI B CTPaHaX, KOHQIUKTYIOMINX C MYCY/IbMaHAMM; B 4aCT-
HocTy, ynomuHatTcst CIIA, Bennkobpuranus u Opannusa. Anp-ABnaku yrBep)xgan: «Vcrnonb3oBaHue K08 UK
XVIMMYECKOTO ¥ OMOTIOTMYeCKOTO OPY)KVA IIPOTIUB HACEJICHHBIX IYHKTOB pas3pelleHo I HaCTOATEIbHO PeKOMEH Y-
eTCs1 M3-3a UX CUJIPHOTO BO3[IEVICTBIS HA IPOTUBHMKA» [8]. PUC — OCHOBHOI IPOAYKT MUTAHM AJIs 60JIee YeM I10-

JIOBMHbBI HAaCEJIE€HN A MIpa.

! B gaHHOM CjIy4ae pedb MOIJIA MATY O IPUOKOBOM 3a060/IEBAaHNUM PUCA — IIMPUKYISIPUO3eE, TOAB/IIONIEMCSI OBA/Ib-
HBIMIY M/IY POMOOBVIHBIMHU CBET/IO-Oypble IIATHAMM Ha INCThSIX.
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p>kaBYMHBI'!. DTOro KO/MM4ecTBa OBIIO HEJOCTa-
TOYHO [I/I1 BeJEeHN s MacIITaOHOI BOIHBI IIpOTUB
IIOCEBOB, HO [ 9KCIEPUMEHTAIbHBIX IieJIei
XBaTaso.

OnbITH IO 3apa’keHNI0 PACTEHNII IIPON3BO-
AVTNCH HeflajieKo oT XapOuHa B paiioHe cT. [InH-
¢daH, KIMMaTU4YeCKMe yCIOBMA KOTOPBIX COOT-
BETCTBYIOT poccuiickomy [anpHemy BocToky.
PykoBopun mmu Mmaitop frucasa, mo obpaso-
BaHNIO 60TaHUK. []/1 3apakeHUs pacTeHUIT UC-
HOIb30Ba/IN TMO(WUIBHO BBICYIIEHHBIE Ipema-
paThl rpr6OB, BBI3BIBAIOIINX YEPHYIO M KPACHYIO
P>KaBYMHY X/IeOHBIX 37TaKOB'%. 3apa’keHye 3TUMU
rpubaMy IOCeBOB IPUBOAUT K yTpaTe 3epHO-
BBIMM KOJIOCBAMU CIIOCOOHOCTb pPa3BUBATHCA,
HOTy4eHHOe 3€pHO HeNb3s UCIONb30BaTh Jake
gns ¢ypaxa. [lompolneHHBIT Ha CygeOHOM
nponecce B XabapoBcKe B KayecTBe CBUJETENSA
conpat AnoHckoi apmuy Oypynun EcHO nu4yHO
BIJIe/l TIOCEBbI OBCa IOC/e MCKYCCTBEHHOTO 3a-
pakeHMs rpubaMy YepHoOI p>xaBuMHbL. Komocbs
3aBsA/NN, 3epHA ObIIM He Pa3BUTHI, OBEC HEIb3s
ObUIO MCIIONTB30BaTh #axke Ha ¢ypax. Ha Bo-
IPOC OJJHOMY U3 COTPYAHUKOB OTPsAJA, IPUHU-
MaBIIeMy y4YacTue B 3TUX ombiTax: «C Kakoii
1[e/IbI0 IPOBOANTCSA 3apakeHNe II0CeBOBY» — TOT
oTBeTUNI: «JI7I1 AVBEPCUOHHBIX Iieiell NPOTUB
IPOTUBHYUKA B BOGHHOE BpeMsi»"’.

CIIIA. AmnHanormyHble UCCAENOBAHMUA Ha-
yanuch mocnae HamageHus Amonum Ha CIIA
7 pexabpsa 1941 r. Bxmodanum usydeHue BO3-
HeiiCTBUSA Ha pacTeHUs dYeTblpeX TI'pPUOKOBBIX
¢utonaroreHos: P. infestans, Bo3bynutens ¢u-
tToproposa kaprodens; Sclerotium rolfsii sacc,
KOCMOTIO/IUTHBIN Tpub, BO3OYAUTENb CKIEPOIN-
QJIbHOI THUJIU, TIOPA>KAIOLINIT IV POKNII CIIEKTP
pacrtennit; Piricularia oryzae Br. et Cav. (monoBas
dbopma Magnaporthe oryzae), rpubOK, BbI3bIBa-
0LV MM PUKY/IAPNO3 puca (Fpyroe Ha3BaHue —
pucopasg nuxopapka); u Helminthosporium
oryzae van Brede de Haan - Bo36ypgurens
Oypoit naTHUCTOCTU puca. Ilo aMepMKaHCKUM
B3IJIAIaM IIOPAKAIOUNIT MOTeHI[ 1Al (PUTOMATO-
TeHOB MOJKeT ObITh TAPAHTVPOBAHHO YCIENIHBIM,
eCIu IPUMEHATb BbICOKOBMPY/IEHTHBIE IITAMMBI
rpuboOB, ¥ Ha X OCHOBE CO3/IaBaTh MHOXXECTBO

YJCTOMYMBBIX B OKpY)alollieil cpele OYaros
nndexyuu [11].

K 1952 r. aTu uccnefoBaHus IHepellIu B
CTafiiI0 MacCOBOTO IPOM3BOACTBA IOpaXka-
IOI X aT€HTOB U Pa3pabOTKU ClieljanbHbIX 60e-
HOPUIACOB UM PELeNnTyp AIsA UX NPUMEHEHM.
Hau6onpuinit moTeHnmuan B aTake Ha INPOJO-
BOJIbCTBEHHBIE KYIbTYPbI, OIIpefielieH CIeay-
oM obpasom [6, 12]:

8030youmenv cmebne60ti eHUMU pacmenuti —
Sclerotium rolfsii sacc. Ilopaxkaet 6omee 500 Bu-
moB. HekporpodHsiit', mepematomuiica depes
MOYBY, I'pUOKOBBINT puTomarorex. Ilpucyrcrayer
B TPOIMYECKUX M CYOTPOINNYECKUX PeTMOHAX 110
BceMy Mupy. OH BbI3bIBaeT 3ab0ieBaHume, MNPO-
KO 3BECTHOE KaK «I0)KHa A THU/Ib». BriepBbie onu-
caH Ha Iocajkax ToMaros Bo ®nopuje B KOHIe
XIX B. PacnmpocrpaHseTcA C INOBEPXHOCTHOI
BOJIOJ U C 3apa)keHHOII II0YBOJI Ha IOYBOOOpaba-
ThIBaloOIeM 000pysoBaHUM. MOXXeT COXpaHATHb
JKM3HECIIOCOOHOCTh B IIOYBE U PACTUTEIbHBIX
OCTaTKaX B TeYeHVe HeCKOJbKNX /eT. PasBuTuio
60/1e3HM CIIOCOOCTBYIOT BBICOKAas TeMIleparypa
(30-35 °C) m BBICOKMII ypPOBEHb BIIa>XHOCTI.
Hamnbonee BocIpuMMYMBEL K HEMY OJHOJIETHME
TpaBsIHUCTBIEe pacTeHus: (Tabak, coeBble 6OOBHI,
caxapHas CBeKJIa, CIafiKuil KapTodenb, XJIOMNOK,
apaxwuc u gp.) [13]. B mocmemHme rofpl maToreH
Y4acTO AMATHOCTMPOBAJICA Ha OBOIAX, BK/IIOYAs
TOMAT, Iepel, KapTodenb, Gaconb 1 apTUIIOK;
TPaBSAHUCTBIX  HEKOPAaTMBHBIX  pPaCcTeHMAX
(BK/TIOYasi NMUJIEHUK, KapAWHAIOBBIN IIBETOK,
HOJI3y4YI0 [IeBACUIINIO); IVIONOBBIX KY/IbTypax,
BK/IIOYasA A0/IOHIO; ¥ TEXHUYECKUX KY/IbTypax.
CHUMIITOMBI pa3nIn4yaoTcs B 3aBUCUMOCTH OT XO-
351MHa, CTAfiUM POCTA U MOTOAHBIX YC/IOBUIL, HO,
KaK IIPaBUJIO, Y PACTEHMII C PAHHVIM 3apakeHNeM
NMUCTbS OleIHO-3e/IeHble, KOTOpble I'PYyHIUPY-
I0TCs M 3arn6aroTcs BBepX. B urore Bce pacTenne
yBsifaeT. Temmble TeMIepaTypsl YCyTyOmsAoOT
yBAJaHMe B TedeHue nHA. HekoTopoe BoccTa-
HOBJICHVIe IIPOMCXOAVUT HOYBIO, HO B KOHEYHOM
UTOTe pacTeHye YBAMaeT U He BOCCTaHAB/INMBa-
ercsi. TiiaTenbHbBII OCMOTp MOpPa>KeHHBIX pac-
TEHWJ BBIAB/IACT FHUIONIYIO BHEITHIOO TKaHb Ha
MaKylIKe pacTeHns. JacTo y oCHOBaHUA CTeONA

" Kommenrapun. XabapoBckuit mporecc. JJokyMeHTanbHble CBUAETENbCTRA. .. . M.; 2021. C. 307.

12 TIpoTOKON HOIIpOCa IMOAIIOTKOBHKA MEAVILMHCKOI CITy>KObI, Ha4aTbHMKA Y4eOHO-IIPOCBETUTETBHOTO OT/ieNa TPO-
TuBO3NMAeMMdecKoro orpsifa Ne 731 Hucu Tocuxups o pakrax mpuMeHeHMs OMOIOTNIeCKOT0 OPY>KMsl B OTHOIIe-
Huu rpaxgad Kuras n Coserckoro Corsa 15-17 suBaps 1947 r. XabapoBckuit mporjecc. [JokyMeHTaIbHble CBUTe-

TenbCcTBaA... . M.; 2021. C. 185-186.

1 TIpoTokos fompoca cBufeTe/s conpara samoHckoit apmun Oypynuu Ecro o ero cnysx6e B IpOTHBOSMUIEMUYe-
cKoM oTpsifie Ne 731 1 MpOBOAMMBIX OIIBITAX Haf, TIOAbMU. 5 fekabps 1949 r. Tam xe. C. 243.

4 Hekporpodubie rpubbl yONBAIOT K/IETKM PACTEHMSI-X035IMHA M UCIIO/B3YIOT X COfIEP>KIIMOe /IS TOAAEPIKAHST

COOCTBEHHOTO pocTta.
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Ha ypOBHe IOYBBI HabmwmaeTcs: Oenblit Hamer
mMunenusa'’;

6030y0umenv HepHOU PHABUUHbL NULEHULDL
u pxu - Puccinia graminis, KOIOBOe Ha3BaHUe
«TX»', IleneBble BUAbI: NIIEHUIA, OBEC, IUMEHD,
poxb. OObIYHBIE NMYTM IIepefadyu: BO3YIIHO-
KalleJIbHbIil; KOHTaKTHBIN. CuibHble THOpa-
JKeHMsA TIOJlefl NINeHMIbI U P>XM B OCHOBHOM
IPOUCXORAT B CBA3M C NOsBJI€HMEM HOBBIX BU-
PY/IeHTHBIX pac Bo30ypautens 6onesHu. IIpu-
3HAaKM IOpa)KeHU:A: CHayaja MHPOABIATCA B
BIJle MENKUX IIATEH, KOTOPbIe 3aTeM IpeBpallia-
I0TCA B IIepOXOBaTble KPAaCHOBATO-KOPUYHEBbIE
VJIM YepHbIe OBa/JIbHbIE MOPAKeHNA Ha TUCTHAX,
CTe6/IAX, MMUCTOBBIX BJArajyIiax U KOMOCHAX,
KOTOpBIE JIETKO PacIO3HAITCA Ha (oHe 0ObIu-
HOTO LIBeTa 300poBoi TKaHu. [lopakenus cnu-
BAIOTCs, MOKpBIBasg OONblIVe IVIOWAAV TKaHU
XO03sIMHA IPYU CUIBHOM 3apakeHun [16].

Heno6op ypokas B ouarax 60/me3Hy MOKeT
pocturatb 60-70 % wu OGomee. Ouudpurorun
CTe6/IeBOIl  P>KaBUMHBL  3apPeTrUCTPUPOBAHDI
MOYTM Ha BCeX KOHTMHEHTaX, Ha KOTOPBIX BBI-
paliMBapT MNHIEHMIY ¥ PoXb. B Muposom
HpPON3BOACTBE IIIEHUIIBI SMUPUTOTUYN OIaC-
HOrO IIaTOT€Ha, IPOMCXOAAINME B IIOCIELHUE
40 nteT, ygaBanoch ciep>XKUBaTh O1arofaps rete-
TUYECKOJ 3allyTe IJTABHBIM 00pa3oM ¢ UCIOJIb-
3oBaHMeM reHa OSr3l, NOMYy4YeHHOTO U3 TIU-
OpMAHBIX MPOM3BOMHBIX MUIEHUIBI U pxu [14].
OpgHako cuTyanus C TeHeTUYeCKON 3aluTOl
NIIeHNLBI B HacToAlllee BpeMsA YXYyAIIaeTcs.
ITosiBnAIOTCA HOBble BMPYJIEHTHBIE Pachl CTe-
071eBOI p)KaBUYMHBI, K KOTOPOil OGOIBUIMHCTBO
COBpPEMEHHBIX COPTOB NIIEHNIBI He IPOAB-
AT YCTOWYMBOCTY, Hanpumep, pacel TTKSK
u TTTTFY, uto 3HauuTeNbHO ObGNErdyaer paspa-
00TKY HOBBIX IIOXOJOB J/Is1 BOHBI IPOTUB Ca-
MOTO ypoyKas.

Insa npumeHenus Bo3byauTeneit cre6aeBoi
p>KaBYMHBI MIIEHUIBI U PXXM B KadecTBe IOpa-
JKAIOIMX areHTOB, AMEPUKAHCKMMI BOEHHbIMHU
Obl1 pa3paboTaH MeTON CYLUIKM M MacIITadu-
poBaHO HpoM3BOACTBO - 190,5 Kr cmop/cyT.
AreHT Mor xpaHutbca ot 9 go 12 mec. Ilpu-
MEHATb IpeAINoiarajoch ¢  JIeTaTeIbHOIO
anmapara B CyXOM BHJAe IO IeIeBOM IJIO-
mlagyM OKOJIO HECKONbKUX COTE€H KBaJpaTHBIX
MUIb [6];

6030youmenvy  NUPUKynAApuo3a  puca - -
P. oryzae (M. oryzae), xogoBoe Ha3BaHue «IE».
Bone3Hp sHfjeMuvHa 0 BCeMy Mupy. B mepsyio
odyepesib 60/€3HD puca, HO TAKXKe MOpaXKaeT pAf,
AUKMX 371aKoB. [IepBblil NpU3HaK 60/IE3HN — II0-
sBJIEHUE OBA/JIbHBIX MIN POMOOBUJIHbBIE HATEH C
TEeMHBIMM KPasiMU; 9aCTO C )KEeTBIMU OPeOTaMIl.
3aTeM NATHAa CTaHOBATCA J[JIMHHEE; LIEHTPBI
CTaHOBATCA 06€I0BaTO-CepbIMM, a Kpas — IIMpe
Y KPacHO-KOPMYHEBBIMU. B KOHeYHOM WHTOTre
HATHA OOBeUHSAIOTCSA, M JUCTbA OTMUPAIOT.
MHbeknusa pacnpocTpaHAETCA Ha OCTATbHYIO
4acTh PacCTEHMUS U BBI3bIBAET THUEHUE CcTebeil B
y3nax (cerka B3fyThble 4acTu cTe61s, I/ie pa3Bu-
BAIOTCS MUCThS U mM0oOern), BOPOTHUKAX (MecTo
COeITHEHM A OCHOBAHU A JIUCTA U TUCTOBOI 060-
JI04KM), 1eitke (crebenb Iof IBETOYHBIMU TO-
JIOBKaMU) U IIBETOYHBIX TOJIOBKaX. 3apa’keHHbIe
N0  BBIIARAT «000XOKeHHbIMM». IloTepn
ypoxaa moryr mocturarb 100 %. IImpuxymnsa-
puo3 puca ABAAETCA NPUYNHON MOTEPU IIPU-
MepHO 30 % rogoBoro yposxxas puca B Mupe [16].
AMepuKaHCKMMM BOEHHBIMY BO3OyAMUTENb IN-
PUKYIsIpUO3a pyca MPOU3BOAUICI B 3aBOACKUX
ycnoBuAx u B Oonpumimx kKonmdectBax. Croopsl
CMeIINMBA/IN C HOCUTE/IEM, 3aTeM BBICYLIVBAJIN.
E>xeqHeBHBINI NPOM3BOACTBEHHBIN UKL — 52,2 KT
cop. PenentypupoBaHHBII areHT MO Xpa-
HUTbHCA 1o 2 et [6];

6030youmenv dumogmoposa kapmogens -
P. infestans (Mont) de Bary, kogoBoe Ha3BaHUe
«LO». 9upileMuden o BceMmy Mupy. B HacrodAmee
BpeMs NPU3HAH OOMUIIETOM. B 6aronpuAaTHbIX
ycnoBusax P. infestans ObIcTpo pacmpocTpaHs-
eTCsl, ¥ O/ KapTodenss YHUYTOXAITCSI MeHee
yeM 3a 2 Hefl. CuMIITOMBI 6071€3HU Ha KapTodere
¥ TOMaTax cxoXu. Ha MMcThAX MOABIAIOTCA He-
OonplIvie KOpPMYHEBbIe IIATHA HENPaBVIbHON
dbopmbl, KoTOpbIe 6BICTPO paspacTatorcs. bomee
CTapble MOpakeHNs Goyee OKPYIIble ¥ OOBITHO
He OTpaHMYeHbl >XMiIKamy nucrta. OHU OKpy-
JKEHbI 30HOJ HE HEKPOTUYECKOI CBEPHYBILENCA
TKaHyu. Ha HUDKHeN CTOpOHe MOSABIAeTCS MY ILIN-
CTBIl Oenblii HApPOCT, ¥ B Te4YeHUe HeCKOTbKUX
JHEeIl JIUCThA >KENTET, CMOPIIMBAIOTCA M OT-
MupaioT. Ha cTe6/1aX NOABIAITCA YepHbIe VN
KopuuHeBble MATHA. CHOPBI CMBIBAIOTCS C JIN-
CTheB U 3apakaloT KAyOHU KapTodens B MOYBe.
ITorepn ypoxasa moryT mocturatb 100 % [16].

> An Overview of Southern Blight, Caused by Sclerotium rolfsii. Virginia Cooperative Extension. 2021. URL: https://
www.pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/spes/spes-325/SPES-325.pdf (mara o6pamenys: 10.01.2025).

' Ha mirennIje BCTpevaroTCs TPY BIUJA P>KaBUMHBL: cTebneBas (depHas) p>xaBunHa (BbIsbIBaeTcA Puccinia graminis
f. sp. tritici) (Pgt), momocaras (xenras) pxasunHa (P. striiformis f. sp. tritici) (Pst) n nucroBas (0ypas) p>kaB4uHa
(P. triticina) (Pt). O6unpHOe criopoobpasoBaHue, 3G PeKTUBHOE PACIPOCTPAHEHNE, TATOTeHHA ! IBMEHYNBOCTD U I10-
BCEMECTHOE BbIpAIlBaHNe MIIeHNIIbI CIIOCOOCTBYET pa3pyLIMTeTbHOMY ITOTEHI[MATy STUX BUTOB CTe6/IeBOIT pXKaB-

YMHBI U [eTA0T UX IMOoTeHmanbHbiMu arenTamMmu O [15].

17 Stem rust. URL: https://en.wikipedia.org/wiki/Stem_rust (zaTa o6pamenns: 10.01.2025).
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Bosbyputens ¢urodroposa kaprodens mpep-
JIaTaIoCch MPUMEHATD C JIeTAaTe/IbHBIX AIIIIAPAaTOB
B COCTaBe I'paHy/ IOPUCTOTO Marepuana. I'pa-
HY/IbI BBICYLIIMBAIUCDh M JINTETbHO XPAaHWUINCDH
IpY IOCTOSAHHOI TeMIlepaType [O MOMeEHTa
npuMeHeHus [6];

6030y0ument 2elbMUHMOCNOPUO3A puca -
Helminthosporium oryzae van Brede de Haan
(Cochliobolus miyabeanus, azenm E). [Ipyroe
Ha3BaHue — Oypas MATHUCTOCTb puca. bonesHp
9HAEeMMYHa 1o BceMy Mupy. ITomumo cenbcko-
XO3ANCTBEHHBIX KY/IbTYp pHUCa, TPUOOK BBIKM-
BaeT Ha JUKOM puce, KyKypy3e U CKOLIEHHOI
TpaBe. B ceMeHax coxpaHserca 6oyee deThIpex
neT. Monopble MOpakeHUs BBIITIANAT KaK He-
6onplIne TEeMHO-KOpMYHEBbIe NMATHA. PasBuras
MHQEKIUA IPOABIAETCA B BUJe PABHOMEPHO
pacmpefie/IeHHBIX OBAJIbHBIX KOPMYHEBBIX IIO-
pa’keHuit ¢ cepoBaTbIMu eHTpaMu. [1saTHa cnn-
BAIOTCsA, BBI3bIBasA BbICBIXaHMe nucta. CeMeHa
U HVDKHME YeIIYIKM BOKPYT CeMsH (KOYeurymu)
cr1oco6HBI 00pPa30BBIBATh YEPHBIE WMINM TeMHBIE
nopakeHUA ¢ 6apXaTUCTBIM OTTeHKOM. ['pnbox
criocob6eH BBI3BIBATH IIOBPEXJEHUE CO3peBalo-
Iero Kojoca. 3apakeHHble CeMeHa MOIYT He
HpOpacTy, NPUBECTU K TUOeNM CesHIeB WIN
CHU3UTb KayeCTBO IIPUPOCTa U BeC, €CIU ce-
SHIBI BBDKUBAIOT. [loTepu yporkas u3-3a areHra
E nmpoucxopar B Anonun, Kurae, Ha Ounnn-
nuHax, B Oct-Muagun n CIIA, gocturamor 90 %
[16]. Cpeguue motepu B Poccum ot aToro 3abo-
JleBaHMA HaxXo#ATcA B npegenax 5-10 %, Ho npu
CYJIBHOM ITOPa>XKeHMUM focTurant 30-40 %'

Ha pucynxe 1 mokasaHbl XapaKTepHble IIO-
pakeHMA pacTeHMIi, BbI3BaHHbIe IIaTOT€HaMN,
paccmarpuBaBmumuca B 1940-1950-e rr. B Ka-
yecTBe ePCIEeKTUBHBIX areHToB bO.

Ilepvesas 6omba. PyKoBOJCTBO BOEHHO-BO3-
nymubix cu CIIA BrepBble ykasano Ha He06xo0-
AVMOCTD Pa3pabOTKM OPY>XUsA IPOTUB ypoxKas
IPOTUBHUKA B ceHTsAOpe 1947 r. bomby cospanu
Ha OCHOBe KacceTHOIl 6om6b1 M16A1, ucnonb-
30BaBIIEIICA [ PacIpOCTPaHEHUA MHUCTOBOK
WM HeOONBIINX OCKOJNOYHBIX OOempuIacos.
B oxtsa6pe 1950 r. BBC navanu sakynkum 6oM6
M115, npepnonaranoch 3akynutb 4800 miT.
OxoHYaTeNbHO ee pa3paboTka 3aKOHYEHa K
1954 r., Korma 0MOIOTMYeCKie areHThl, BbI3bIBa-
Iol[Ve PXKABUMHY IIIEHUIBI ¥ PXKM, ObIIM CTaH-
NapTU3MPOBAHBl B J1aOOPATOPHBIX YCIOBUAX.
Macca 6om6p1 M115 cocraBnsina 227 kr. ITopa-
JKAIOLMIT aTeHT COCTOA U3 CYXMX YacTUIl, COp-
OMpOBAaHHBIX Ha JIETKOM HOCHUTeNe, OOBIYHO
Ha nepbAx uHpeliku. IlosTomy ee HasbpIBanm
«mepbeBoit 6omb011» [5, 12].

CormacHo pacceKpe4eHHOMY OTYeTy apMUM
CIIIA 1950 r., 6om6a M115 Oplyta McnpiTaHa B
parioHe gnuuHoi 18 kM u mupuHoi 2,4 kM. Tep-
puropusa cocrosna u3 30 TbIC. M’ YYaCTKOB,
3aCesHHBIX OBCOM, BOCIPUMMYUBBIM K TeCTH-
pyemMoMy areHty, Puccinia graminis avenae,
T.e. YEpHOW p>KaBYMHbBI. JIcnpiTarenbHble ma-
geHnsa M115 mokasanu, 9TO € BBICOTHI 1,2 THIC. M
nepbs MOTYT ObITh pasOpOCaHBl Ha IUIOLIANY B
31 xm”. Tpu nepbensie 60M6b1 M115 651711 COpO-
HIEHBI C BBICOTHI B 1,6 KM C NOABETPEHHOII CTO-

PucyHok 1 - XapakmepHbie nopaxceHuss pacmeHuli, ebi36aHHble nAdmozeHamu, paccmampusaswiumucs e 1940-
1950-e 22. 8 Ka4yecmee nepchekmueHbix azeHmos bO. A - uepHas pucasuyuHa nweHuywl [15]; b - ¢pumogmopos (pomo-
2pacpus ¢ pecypca https://hozyain.by/ogorod/kak-izbezhat-fitoftoroza/attachment/fitoftoral/); B - cknepomuHuos (6e-
71as 2HUAb) cou (pomozpadpus c pecypca https://kccc.ru/sites/default/files/images/handbooks/diseases/178/image.jpg)
Figure 1: Typical lesions in plants, provoked by pathogens c that were considered quite promising biological weapons
agents in 1940-1950. A, Stem rust of wheat [15]; b, Blight (picture taken from the site https:/hozyain.by/ogorod/
kak-izbezhat-fitoftoroza/attachment/fitoftoral/); B, Sclerotiniose (Soy white rot) (picture taken from the site
https://kccc.ru/sites/default/files/images/handbooks/diseases/178/image.jpg)

'8 TenbmunTOCiopnos. URL: https://studme.org/121903/agropromyshlennost/gelmintosporioz (mara obpaijenns:

10.01.2025).
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POHBI 1ie/IeBOJl 30HbBI, KOTOpas 3aTeM OTCIEXMU-
BaJ/Iach Ha MpeaMeT T00bIX n3MeHeHn 1. OLleHKN
noxasanu npumMepHo 30 % cHM>KeHUe ypo)Kasd Ha
3apa’keHHOII Tepputopun. MaccoBoe npousBoj-
cTBO 60MOBI M115 Havanmoch B 1953 1.° [12].

O cymectBoBaHuUM 60MOBI 1O oOduUUN-
albHbIM aMEePUKAaHCKUM [OKYMEHTaM CTajo
M3BECTHO TONBKO B 1997 1. ABTOpHI JloKnaza ...
(1952), pasymeercs, o Takoit 6ombe He 3HAW,
HO OHM HAOTIOManM MHOCTHeNCTBMUA ee IpuMe-
HEHUA B BIJle HEM3BECTHO OTKYZa MOABMBIIENICA
Macchl pasjeTalluXcA IepbeB. B ogHOM 13
omucaHuii, npuBefeHHBIX B [loknaze ... (1952),
nepbsA HaliJeHbl MeJJIEHHO CHyBaeMbIMU C
MecCTa MX IOABIEHNUsA, 00pasysd TPeyTONbHYIO
MOBEPXHOCTb A/NNHON B 3/4 KM M HIMPUHON B
1/2 xM y ocHOBaHUA. TpeyrolbHMUK IOCTEIIEHHO
YOIMHANCA M PaclIMpsICcAa, 4TO TOBOPMUIO O
MIPONICXOX/IEHUN TepbeB M3 OJHOTO TOYEUYHOTO
ucrouHrka. He ObI710 HalliJleHO HU KOHTelTHepa,
HI ero pparMeHToB (pucyHok 2).

OKcHepThl KOMMUCCHM HPUIIIN K BBIBOAY,
4TO B 3TOM C/Iydae 6bITa MpuMeHeHa 6om6ba Tuma
«flmynas ckopnymna»®. IleppeBbie 60MOBI ame-
PUKaHCKJe BOCHHBIE IPUMEHsIN Ha 06oux Oe-
perax peknu fAny B MmapTe u uroHe mecane 1952 r.

PucyHok 2 - lMepbs, o6HapyyceHHbie nocsie hposaema ame-
PUKAHCKUX €AM0/1emoe HA0 meppumopusiMu, 3aHAMbIMU
cesepokopelickuMu u Kumatickumu eolickamu. ®omozpa-
¢us u3 [loknada ... (1952)

Figure 2: Feathers found after American aircraft flew over
territories occupied by North Korean and Chinese troops.
Photo from the Report ... (1952)

VIx cHapsoKeHMe MEHSIOCh B 3aBUCUMOCTM OT
nenu npuMeHeHus. Kpome pacmpocrpaHeHms
[IATOT€HOB PAaCTEHMII 1 3apa>keHHBIX HACEKOMBIX,
OTJeNbHbIe 60eNpPUIACHl COfEePIKaNN PelenTypy
CUOUPCKOI A3BBI C JUCIEPCHOCTBIO YACTULL 5 U
MeHee MKM, O YeM CBUJETENTbCTBYIOT IIaTOIOT0-
AQHATOMMYECKM IOATBEPXKJEHHbIE CIy4ayu WH-
rajAMOHHON CUOMPCKON A3BBI C IOpaXKeHNeM
ITy0OKUX OT/[€/IOB JIETKUX Y COOPUIMKOB TaKMUX
nepbes (Joxnapg ..., 1952).

Bannonnas 6omb6a E77. Ee mnpumeHeHMe
IpeAIoaaraJoch Mo MeTOAy, pa3paboTaHHOMY
ANOHIIAMMA BO BpeMs:A BTopoit MUpPOBOIT BOMIHBI —
HyTeM 3alycka Ha TePPUTOPUI0 NPOTUBHUKA
BO3/YIIHBIX IIAPOB C IMOABEIIeHHbIMY 60MbaMu
(pucymox 3).

PaspaboTka aMepMKaHCKON BepCUM TaKOIi
60MObI Havasmach B 1950 r. ToHO/Ia BO3AYLIHOTO
mapa pmaMmeTpoMm 81,2 cm m BpIcOTOI 60,9 cM
OblIa IO/ BeLIeHa 10| 3aII0OJTHEHHBIM BOJOPOJOM
BO3JYIIHBIM IIapoM. [oHpmona Oblma cHpoek-
THUpOBaHA [/ pasMelleHNs OKOJIO IATU KOH-
TeTHEPOB, COCTOSIINX U3 IIepbeB M NPOTUBO-
ypoxkaiiHoro areHTta. Ilone3nas Harpyska 6bina
CTPYNIVPOBaHAa BOKPYT HaTpeBaTeIbHOTO MeXa-
HU3Ma XMMUYECKOTO TUIIA, HpeJHa3HaAYeHHOTO
ISl IPeOTBPAIIEeHNs TIOBPEXAEHUS COMlePKI-
MOTO KOHTeJIHEpPOB HU3KUMMU TeMIepaTypaMiu.
bomb6a BO3yIIHOTrO LIapa IONyY¥/Ia BOEHHOE
o6osnauenne E77. [Toce cOpoca rpysa aspocrar
HOM)KUTANCS NUPONATPOHOM, U YCTAaHOBUTH
¢dakt npumenHenms BO cTaHOBUIOCH HEBO3-
Mo>KHO [12, 18].

B oruere 1958 r. ykasaHa mpeprmonaraemMas
a¢pdextuBHocts E77 crmepylomum ob6pasom:
«IIpy COOTBETCTBYWOINMX IIOTOLHBIX YCIOBUAX
areHT, MePeHOCUMBIIl Ha 3eMJII0 Ha HOCUTENAX,
JIOCTaTOYeH /I TOTO, YTOOBI BBI3BATh BBICOKII
YPOBEHb 3apakeHUs pacTeHUli Ipu BO3Jeli-
CTBUM Ha IleieBble KyNbTypbI» [6]. S. Whitby [12]
He CKpbIBaeT TOTO, YTO TaKas HeNpUIe/lbHAasA
6omMba mpemgHasHayaaach s CTPaH C OTPOM-
HbeIMU ToceBHBIMU Inomagsamu — CCCP u KHP.

[Tocnepytomme  KOHCTPYKLIMM  TeXHUYe-
CKMX CpPeACTB IIOpaXeHMA pacCTeHMIT ObIIN
COCpeJOTOYEeHbl BOKPYT WCIIO/NIb30BAaHMA pac-
IIBIINTENBHBIX 0aKOB OONbIIOrO oObeMa I
pacmpocTpaHeHUs CYXMX peLeNnTyp IMopaxa-
IOIMX areHToB. IIpepmonaramoch, 4TO TakKue

¥ Hatitn n3o6pakennsi 60MObI MHE He ya/loCh, OGHAKO eCTh MOAPOOHOe OINCaHNe B BUKunennn co cchiika-
mu Ha ucrounuku. Cm. URL: https://translated.turbopages.org/proxy_u/en-ru.ru.c76cb027-64274809-f9609e47-
74722d776562/https/en.wikipedia.org/wiki/M115_bomb (nara obpamenus: 30.03.2024).

2 Bomba «SndaHas CKOpIyma» — yCOBePIIEHCTBOBAHHBII SITIOHCKMIT O10TIOrMYeCKMiT 60eIpUIIac TOTO XKe Ha3HaYeH NI,
I[IpencraBsna co60ii IPOONrOBaThIN KOHTelHep 40 CM [IVHOI ¥ ;UaMeTpoM 14 cM, Cle/taHHBII 3 MeJIOBOIO Ma-
tepuasna ronumuHoit 2,0 Mm. Cobpars o pparmMeHTaM ee IOTHOCTBIO He YAa/IoCh. I10 OT/eIbHBIM (pparMeHTaM ycTa-
HOBJIEHO, YTO 60MOa MMena HOCOBOII CTAIbHOI YalleoOpasHblll 06TeKaTeb, BHYTPEHHMIT CTATIBHOI CEPAEIHNK 1
XPYIKYI0 BHYTPEHHIOI paMy, IpUJAIOLINX KOHTeIHepY IPOoYHOCTD. [Ipn yape o semMiIio KOpIyc KOHTeliHepa pas-
6MBasICst HA MHOXXeCTBO (PparMeHTOB, KOTOPbIE IO FEIICTBIEM YCIIOBUIL CPebl OBICTPO PACCHINIAINCD B IIBIIb U/IN
PacTBOPSIINCDH BO BIAXKHOI IIOYBE, UTO [Ie/TaI0 HEBO3MOXXHBIM YCTaHOBUTD (akT npumeHeHne BO (Joxkmag ..., 1952).
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PucyHok 3 - fnoHckas MemKoHMuHeHmasbHas 6an-
A0HHAA 6omb6a «®Dy-To». 3anonHeHHbIli 68000pOOOM
aspocmam maccoli 12 k2 u ouamempom 10 m. Aspocmam
Hec 6annacm, cébpacviearoujee ycmpolicmeo, 0CKO/0YHO-
¢yaacHyo 6omby maccoli 15 k2 u yemoipe 3axucuzamesio-
HbIX 6oenpunaca no 5 kz kacowili. O6wuli nose3Huili sec
454 ka. PacuemHas 0asbHocmb nosiema 8 meiC. KM Ha 8bl-
come 11 kM. A - 6omba e nosneme; b - obwas cxema 6om-
6bl: 1 - 3axucuzamesnvHble 60M6bI, 2 - 0CKOM0YHO-(y2dac-
Hasa bomba, 3 - MewkKu ¢ 6annacmom, 4 - cépacsiearoujee
ycmpolicmeo [17]

Figure 3: Fu-go balloon bomb. A hydrogen filled ballon with
a weight of 12 kg and diameter of 10 m. A balloon had bags
with ballast, trigger, fragmentation demolition bomb of
15 kg each and four firebombs of 5 kg. Total useful weight
is 454 kg. Flying range ability is 8000 km at the height of
11 km. A, Bombs in flight; b, a bomb layout: 1, A fire bomb;
2, Fragmentation demolition bomb; 3, Bags with ballast;
4, Trigger [17]

YCTPOJMCTBA MOIYT MHMIMMPOBATbH SIUJEMUIO
0ore3Hell pacTeHMII Ha IJIOIA U, 3HAYUTETHHO
npesplnamomeit 1000 kM? ¢ mpojera OJHOTO
camonera?! [6, 19].

3apasxcennvie mamepuanvl. B 1952 1. B xofme
BOTIHBI Ha KopelickoM IOTyocTpoBe aMepuKaH-
CKIle BOEHHBIe NPAKTUKOBaIM cOpachIBaHMe
3apak€eHHBIX PpAacTUTENIbHBIX MaTepuaaoB B
cnenuanbHbIX makerax. CBujerenu Bupjennu,
KaK 3TM IaKeThl pas3spbIBaluCh B BO3AyXe Ha
BbIcOTe OKOno 1000 ¢yToB, paccemBass NMUCThbA
U ApyTHe 4YacTU pacTeHUil Ha IIMPOKON IJIo-
maan. [Togo6HbIe ciyyam uMenu MecTo B 1952 1.
B 6onee yem 10 mecrax B CeBepo-BocTouHom
Knrae n Cesepnoit Kopee. Kuraiickumu ¢n-
TOIATONOTaMM ¥ OOTaHMKaMMU OBIIO YCTAaHOB-
JIEHO, YTO COpOIIEHHbIe C CAMOJIETOB CTe6IN n
CTPYYKMU COeBBIX 0000B 3apa’keHbl I'PUOKOBBIM
naroreHoM Cercospora sojini Hara. IlaTorennble

OpPraHM3MBbl Hali[JeHbl B TKaHM PacCTUTEIbHBIX
OCTaTKOB, YTO yKa3bpIBaeT Ha TO, YTO MaTepuas
ObI/T 3apa’keH I[e/INKOM, a He TOTHKO Ha MOBEPX-
HocTu. HekoTopble M3 NMCTbeB OKa3aauch 3a-
pakeHHBIMU aHTpakHO30M Glomerella sp. vnn
Colletotrichum, xax ero HaspIBalOT B 6eCIIOION
cTaguu. ITOT MapasuT MMeeT OOMIMPHBIN KPyT
X035€B U TOpa)kaeT AOGTOHM, TPYLIM U BCXOHBI
xnonyaTHuka (Joknap ..., 1952).

B nepeBne CyHbu3s6aonssl, 6113 r. AHbIYHa,
nposuHuun JIsonyn, B CeBepo-Bocrounom Ku-
Tae, IOC/Ie OFHOTO U3 IPOTETOB aMepUKaH-
CKMX CaMOJIETOB OOHapy>XeHbl pa3bpocaHHBIe
3epHa KYKypy3bl (Mamca), 3apa>keHHble BUOM
Thecaphora, mMoXoXMUM, HO He UJAEHTUYHBIM C
BugoM Thecaphora deformans, KoTopslit sAB-
nsieTcss BpepuTeneM 000OBBIX pacTeHMIT B
CIIIA u EBpome. HaiifjeHHbIII B JAaHHOM CIy4Yae
¢uromaroren paHee He oTMeuancsi B Kwurae
(Doxmnap ..., 1952).

CoBpeMeHHbIe TeHAeHOUN (UTOBOIIHBI.
Imo6anusanuss pbIHKOB, COLMANBHBIX CBsA3ell,
OecOpMHIMIIHAs KOHKYpeHIus ¥ OecKOH-
TPOJIbHASI MUTPALIVsI CTaBSAT HOBbIE 3aJadn i
CIIeLIMAINCTOB IO OMOTOrMYeCcKO 3aluTe pac-
teruit. K BosmoxxHomy npumenennio bO rocy-
mapcTBaMu, MpubaBuiIcsa 6uoTeppopusMm u 6mo-

KpUMUHAT.
EnuHbIX nepedyHell IIaTOT€HOB pacTeHMI,
KOTOpble MOXXHO CUMTaTbh MOpPakKaloIIUMMU

arentamMu bO, ner. Ilo muenuio J.M. Young c
coaBT. [20], MMHMMa/IBHBIM KPUTEpUEM JJOIKHO
OBITH TO, YTO SKOHOMMYECKas >KM3HECI0co06-
HOCTb ypOKasg HaXOJWUTCA IOJ Yrpo3oi mu3-3a
BO3HUKIIel 6onesHn. OHUM TpeNIOXUIN TpU
KpUTepusi, IPU COOTBETCTBUYM KOTOPBIM (UTO-
IIaTOT€H MOXKET PaCCMAaTPUBAThCA KaK ITOTEHI M-
anbHbIit areHT bO:

- OH JOJIKeH OBITh CITOCOOEH BBI3BATh Pa3py-
HMINTe/NIbHbIE M YCTOWYMBBIE dNUAeMUYecKue 1Io-
TepU yposkas B HaIlMOHAJIbHOM MacuITabe;

- OH He JIOJKEH y)Ke IPUCYTCTBOBATh B pac-
CMaTpMUBaEMOIl CTpaHe WMIM IEePBUYHOI IIPOMU3-
BOJCTBEHHOII 06/1acTL;

- IATOr€H MOJIKEH BBI3BIBATH IOTEPU, KO-
TOpble He MOTYT ObITb IOITIOLIEHBI 3aMEHOII
APYTOil KyJAbTypOIl UIK IOTy4eHMEeM PORYKTa
ypoKas U3 Jpyroro UCTOYHUKA.

Knaccupuxanmsa CUeHapueB U TU-
IOBble  IIATOTEHBl  BefeHUs  Ouosormdye-
CKOJI BOJIHBI IIPOTHUB IIOCE€BOB, INpPUBEJEHBI B
mabnuye 12

HapgeXHOCTh MeXaHM3MOB KOHBEHIJIOH-
HOro KoHTponA Haj bO, mopakaromero pac-
tennsa. OHo He ynoMmmuHaeTcss B JKeHeBCcKoM

2! B HacToOsil[ee BpeMs TaKIMM CPeICTBOM IIPUMEHEHSI [IATOT€HOB PACTEHMIT MOT'YT OBITh 6eCIIMIOTHBIE TeTaTe/Nb-

HbI€ aIlllapaThl.

22 B paborax 15, 16, 22-24 npuBefieHbl COBPEMEHHbIE OLIEHKM OMACHOCTY TATOT€HOB PACTEHMIL.
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Buonornyeckas BomMHa NPOTUB CEJ/IbCKOXO351MCTBEHHbIX MOCEBOB: UCTOPUYECKUIM aCMEKT U KOHBEHLMOHHbIN...
Biological Warfare against Agricultural Crops: Historical Aspects and Conventional Control

Ta6bnuua 1 - Knaccugpukayus, 803MOxKHble CUeHapuu U munosbie NamozeHbl 8edeHus 6uosio2uyeckoli 80LiHbI

npomue nocesoe

Table 1. Classification, possible scenarios and typical pathogens of biological warfare against crops

Tunosoii cueHapuit / Type of scenario

*KnwouyeBoit naTtoreH /
Key pathogens*

Buonoruyeckas BoiHa / Biowarfare

ATaka 04HOM CTPaHbl Ha CeJIbCKOXO35MCTBEHHbIN CEKTOP APYroi cTpaHsbl. Llesbto Hanagatouero seas-
eTcs 6JT0KMPOBaHME KOMMEPYECKOro MMMOpPTa Lie/1eBbIX MPOAYKTOB U NpeAoTBPaLLeHME UX NONafaHUs
Ha CBOW HALMOHAJIbHBIN PbIHOK UM yBenYeHMe cobcTBeHHOro akcnopTa / Attack by a country on the
agricultural sector of another country. The aim of the attacker is to block commercial imports of the targeted
products and prevent their entry into its national market or to enhance its own exports

Tilletia indica (Ti)

HanapgeHve ofHOM CTpaHbl HA CEIbCKOXO3AMCTBEHHOE MPOU3BOACTBO APYroi CTPaHbl C LEesibio 0ca-
6J1eHMNS CTPaHbI-LEe N NyTeM COKpaLLeHMs ee BHYTPEHHUX NOCTaBOK MPOAOBO/ILCTBUSA. DTO AENCTBUE
MOXKeT 6bITb NPeANPUHATO 4,0 BOEHHOIO BMeLlaTeIbCTBa UK 3aMeHUTb ero / Attack by a country on the
agricultural production of another country, in order to weaken the targeted country by reducing its domestic
food supplies. This action could be undertaken before a military intervention or replace it

Phytophthora infestans
(Pi)

Mcnonb3oBaHve 6MONOrMYECKMX areHTOB O4HOM CTPAHOM A1 YHUUTOXEHWUs HE3aKOHHbIX KY/bTYyp
B ipYrov cTpaHe (HanpuMep, BbipalumBaHue HapkoTukos) / Use of biological agents by a country to
eradicate illicit crops in another country (e.g., drug cultivation)

Pleospora papaveracea
(Pp)

BuoTeppopusm / Bioterrorism

TeppopucTuyeckas aTaKa, HanpaBaeHHas Ha NPOLOBOILCTBEHHbIE KYAbTYpbl / Terrorist attack targeting
food crops

Fusarium graminearum
(Fg)

HanageHue Ha NoCeBbl UM NMOCAaXKEHHbIE AEPEBbS CO CTOPOHbI 3KOAKTUBUCTOB, KOTOPbIE XOTAT NpoBe-
CTW pafMKasibHYH0 3KoI0rM4ecKyto akuuio / Attack against crops or planted trees by ecowarriors who want
to carry out a radical ecological action

Mycosphaerella
populorum (Mp)

TeppopucTMyeckas aTaka, HanpasJ/leHHasi Ha MOBPEXKAEeHUE YPOyXKast UM BUA AEePEBLEB, ABAAOLLMXCA
HalMOoHaNbHbIM AocTosiHneM / Terrorist attack aimed at damaging a crop or a tree species that belongs to
the national heritage

Ceratocystis fagacearum
(Cf)

Buokpumunan / Biocrime

HanapgeHve akTUBUCTOB MM GepMEPCKUX TPYMN Ha NPOAYKLMIO KOHKYpUpYtoLwen cTpaHbl / Attack by
activists or farmers groups against the production of a competing country

Xylella fastidiosa (Xf)

OTAenbHas aTaka Co CTOPOHbI Yel0BeKa, paboTatoLLero B chepe 3almMTbl pacTeHUI, B MOMCKaX NPU3Ha-
HUS UM MECTU Koere unum yupexxaenuto / Isolated attack by an individual working in the crop protection
field, looking for recognition, or revenge upon a colleague or an institution

Puccinia triticina (Pt)

[MpepgHaMepeHHOe Mcnosb3oBaHME GUTOMATOreHa YacTHOW KommaHuel. Llenbio senseTcs caenaTb
depmMepoB 3aBMCUMbIMU OT ONpeaesieHHbIX COPTOB UN CPeACTB 3awmnTbl pacTeHnin / Deliberate use of
a plant pathogen by a private company. The aim would be to render farmers dependant on specific cultivars or
plant protection products

Phakopsora pachyrhizi
(Pp)

MpumeyaHue.

npoekma EC «CropBioterror». AbanmupoeaHo u3 pabomeoi F. Suffert ¢ coasm. [20].
Note.

EU project. Adapted from F. Suffert et al. [20].

*M3eneueHo us cnucka 50 nomeHyuanbHbix humonamozeHos, npedcmasieHHo20 Eeponelickoli KoMuccuu 8 3aKka1uumelbHOM omyeme

*Extracted from the list of 50 candidate plant pathogens delivered to the European Commission in the final report of the «CropBioterror»

nporokone 1925 r. Tam, o cytu, peub uger o He-
npumeHenun bO nepsoiM. KBTO mpsamo He pac-
npocTpaHsAeTcA Ha npuMeHeHue bO nmpoTus xu-
BOTHBIX U pacTeHuil. B popmynnposkax ob6onx
DOKYMEHTOB MCIIONb3yeTCsl TaK Ha3bIBAE€MBbIN
«KpuUTepuit 0611ero Ha3HaYeHMA» (AaHIJI. general-
purpose criterion). Kputepuit onpenensier Bce-

obbemnomyo chepy HeICTBUSI KOHBEHIIVN
(ct. I KBTO) m 3amumiaer oT UCIOIb30BaHUA
7a3eek U JABYCMBICIEHHOCTeN, KOTOpble MOTYT
otrHocutbca K KBTO. B mepmon crpemurens-
HOTO Hay4YHO-TEeXHIYECKOTO IIporpecca Bpsf 1N
MOXXHO CYUTaTh 3TOT KPUTepUIl HaTe>KHBIM?.
Kpome Toro, Her MexaHMU3Ma KOHTpPONSA 3a

» TIpuBeny Takoii mpyuMep. [enoTepaneBTuyeckuii mpemapar Ha ocHoBe MPHK, HaMepeHHO Ha3BaHHBIN «BaKIIMHOI».
C mexabps 2020 1. 1o ceHTAOPD 2023 T. KOMMYECTBO CMEPTEIT, CBA3aHHBIX C TAKOI «BaknHOI» 0T COVID-19, Bo Bcem
Mupe OLleHNBanoch B 17 MitH [25, 26]. ITo cyTu 9T0 mOpaskaroluii areHT HOBOTO TUIIA, IIPefHA3HAYeHHBII /151 BMe-
IIaTeTbCTBA B TEHOM Ye/ToBeKa. Takoil areHT /IeTKO AMCHeprUpoBaTh IO YACTUIL pa3MepoM 1-3 MKM, TP OHMKAIOINX
B IIy0OK1Ie OTAE/BI IerkKuX. [IpMMeHsIThCSI OH MOXKET TeMU XKe criocobamu, 14To BO u xummdaeckoe opyxie, a TAKKe
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cobmomenuem KBTO. JKamo6pl Ha HecoOm0-
geane KBTO MoOXHO mogaBaTh TOIBKO B
Coset besomacuoctu OOH (cm. VI KBTO), rae
106011 ero 4jIeH MO0 MOMUTUYECKUM IPUYMHAM
MOXKeT Ha/JTOXUTb BeTO Ha pacciefoBaHue. le-
HepanbHOMYy cekperapio OOH paspaborumku
KBTO Takyw QYHKIMIO He IIpefoCTaBUIN.
ITocne Bpixoma CIHIA B 2001 r. u3 IIporokona,
Hafle>X/ bl Ha pa3paboTKy KOHBEHIMIOHHBIX Me-
XaHU3MOB oOKoHYatenbHo wucuesnu. K KBTO
npucoefuHATca npusHanHele OOH rocy-
mapcTBa. TeppopucTMyeckue U CeMmapaTuUCT-
CKUe TpyHNUPOBKM, KOPIOpaLuM, 3IKCTpe-
MMCTCKMe TPYIIbl, allOKATNITUYEeCKNE CEKTBI,
ob6s3arenpcTB cobmomarh KBTO He pmaBanm.
VIx MOTHUBBI MOTIYT CUJIBHO pa3nuyarbcs, HO
9T MIOAM OObeNuMHEeHbl OMOHEraTUBHBIM OT-
HOIIEHNMeM K MUPY, X y>Ke He pa3 OHU JIeMOH-
CTpMpPOBaNM TOTOBHOCTH UCIONb30BaTh bO,
XUMMYECKOe OpyXMue 1 noboe Apyroe opyxue
MacCOBOTO IOpa>KeHUs [1A OCYIeCTBIeHNA
HeOOXOMMMBIX MM W3MEHEHMiT B 0O0liecTBe.
C UX TOYKY 3peHM s, MaCCOBOe HAaCH/INe, KOTOpOe
MOXeT IPUBECTM K CMepTHU, CTpaxy U COLM-
a7bHBIM NOTPACEHUAM, ABIAETCA MOAXOAAIINM
CrIoco60M HOCTVOKEeHMST MX uenu. VI mpu atom
OHI MOTYT BJaJeThb pecypcaMu U 3HAHUAMIU,
HEOOXOIMMBIMHU [I/IsI COBEPIIEHNS TAKOTO poja
npectymnenui [8].

3aknwyenme

IIpo6rmema 6MOMOTMYECKOI BOJHBI IIPOTUB
pacTeHMit 3psl 3aMajT4MBaeTCs, OHA CYI[eCTBO-
BajIa, CyuiecTByeT u OypeT cymjecrBoBarh. He-
CIOCOOHOCTh JOCTUYb COIJNALIEHUsA IO IPO-

tokony kK KBTO yxxe npupena K OTCyTCTBUIO
KOHTPO/IA HaJ, BeCbMa OIACHON TIPyNIoONn
Opy>XIusA MaccoBoro nopakxenus. Ilpusengennbie
JTaHHBIE IOKAa3bIBAIOT, 4TO emie B 1940-1950-€ rT.
pa3paboTaHbI U MCIIBITAHBI B IOIMTOHHBIX YCIIO-
BUAX U IPOBEPEHBI B X07e BOJHBI Ha Kopelickom
HOJyOCTPOBE CPEACTBA U CHOCOOBI BeJeHUs
0110/10rMYeCcKOil BOVIHBI MPOTUB CeNTbCKOXO3SII-
CTBEHHBbIX NoceBOB. CerofHA MX MOXXHO CYM-
TaTb HU3KOTEXHOJTOTUYHBIMH, HO, TEM HE MEHEE,
OCTaI0TCs BBICOKO3(deKTUBHBIMU. VI HeT ocHO-
BaHMII CYUTATh, YTO 3aMHTEPECOBAaHHbIE CTO-
poHbl 0 HUX 3a6b1u. Hanbomnee appekTuBHBIM
CIIOCOO0M MOPa’KeHUs CeNbCKOXO3AMICTBEHHBIX
IIOCEBOB OCTAaeTeTCA pacHblIeHNe peLenTyp Mo-
paXkalolMX areHTOB C BO3JyXa — CIIcO0 IIpoBe-
PEeHHBIN ¥ OTPabOTaHHBIII ellje BO BpeMs BOVIHBI
Ha KopeiickoM nonyocrpose. Ero Bo3Mo>xHOCTHU
B HacToAllee BpeMs 3HAUMTENbHO pacHIMpeHbI
6narogaps pacIpoOCTPaHEHMIO CelTbCKOXO3:Ii-
CTBEHHOI 6eCIMIOTHON aBManuu. [eHHass MH-
JKEHepUsA M TEXHOJNIOTUMM pPeJaKTUPOBAHMA re-
HOMa pacTeHUII Jal0T BO3MOKHOCTD alloJIoreTaM
O61OOTNYeCKOt BOITHBI pa3paboThIBaTh MoOpa-
JKaplllye areHTbl PacTe€HUil C HOBBIMU CBOIJI-
crBamu. Hambornee yA3BUMBI K TAKOMY OPYXXUIO
CTpPaHbl C MOHOKY/IBTYPHBIM 3eMefeNneM, C
HM3KOJ arpoOTEXHMKON M Jenaroliye CTaBKy Ha
ogHoneTHue pacrenudA. IIpm orcyrcTBum mo-
HUMaHMA KaK MOXXeT BECTUCh OMOIOrMyYecKas
BOJIHa NPOTUB IOCEBOB, OHa MOJKET OCTaTbCsA
He3aMe4YeHHO) U NMPOXOAUTb IOf BUOM ecTe-
CTBEHHBIX OOJe3Heil pacTeHuit. [l mpoTuso-
LOEeICTBUA TaKOI BOJHE HAJ0 TOTOBUTb KaJpbl
elle B CeIbX03BY3aX.

IIOfL BUJIOM JIEKapCTB (3aK/Ia[K) B MHBbEKLMOHHBIE IIperapaTsl) 1 BaKLuH. K KakoMy BULY OpY»KIA MacCOBOTO IIO-
paxkeHus ero orHecTn? K BO, HO mopaykaroluii areHT COCTOUT U3 XMMMUYECKUX COeIMHeHN (II0NM1MepoB), co6paB-
IINXCA B HAHOCTPYKTYPY 3a CYeT BOZOPORHBIX U I'MAPOoGOOHBIX B3aNMOAeICTBIIL. B ero mopaskaromieM geiicTBuU
HeT HUYero oOIIero ¢ AelicTBIeM TOKCUHA MIN ¢ MHPEKIMOHHBIM IpolieccoM. K XuMIieckoMy OpyXXIio — HO ero
mericTBMe 6uonorndeckoe. Hu HykIenmHoBast KMCIOTa, HY MI060I IPYToif KOMIIOHEHT TaKo KOHCTPYKIIVMM, CaM IO
ceOe TOKCHMYECKVIMIU [IefICTBIEM He 00/1aaet. A JIIOf{U YMUPAIOT VU CTAHOBSITCS MHBamuAaMu. Tak Kak ee «IIpuTs-
HyTb» K KBTO? M1 uTo npegnpuMyT I0PUCTHI 3aMHTEPECOBAHHOI CTOPOHBI B OTBET Ha TaKYyIO IOMBITKY?

Ozpanuuenus uccnedosanus / Limitations of the study

B ocHOBHOM BHIMaHIe 00paliieHo Ha cTaHOB/IeHMe gaHHoro Buja BO. [lanbHeriiiee ero passutye 6yneT pac-
CMOTpeHO B creayromux paborax / The focus is on the formation of this type of BW. Its further development will
be considered in the following works.
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OcHOBHbBIE MOMEHTBI

[TpuMeHeHVe ICKYCCTBEHHOTO MHTEJUIEKTa MMeeT GOJIbIION TOTeHIAJI /IS IPOTHO3UPOBaHNA TOKCUYECKIX CBOJICTB
HOBBIX MaJIOVI3Y4CHHBIX XIMUYECKIX COSAVHEHNII, IO3BOJIAET COKPATUTD BpeMsI 11 (PUHAHCOBBIE 3aTPaThl, CBA3aHHbIE
C oIpefiefieH)ieM PYUCKOB BO3MOXKHBIX YTPO3.

Axmyanvrnocms. MYKOTOKCUHBL, SB/IAIOIINECs] BTOPUYHBIMY METabOMNTaMM [I/IeCHEBBIX TPUOOB, MPECTABIIOT CO-
6011 oyH 113 Hanbojee 3HAYMMBbIX GaKTOPOB XPOHIYECKOTO PUCKA, CBA3aHHOTO € IMIIeBBIMY IpopyKTamMu. Vx onac-
HOCTD IIPM 3apayKeHN! MOXKET IIPEBBILIATb YIPO3Y, MCXOMAIIYIO OT CMHTETUYECKNX 3aTPA3HUTENEl, pacTUTETbHbBIX
TOKCHHOB U OCTAQTKOB arpOXMMMKATOB U yrobpenuit. OTHAKO [/l MHOTYX MUKOTOKCMHOB JIO CUX IIOpP He YCTaHOB-
JIeH TIO/THBII TOKCUKOIOTMYECK It IPOGIUIIb B CUTY TOTO, UTO TPAJULIMOHHDIE METOMIBI 9KCIIEPMMEHTAIbHOTO aHa/IN3a
OCTAIOTCA TPYROEMKIUMIA, JOPOTOCTOAIIMMIY 1, HOPOIL, Maod(deKTMBHBIMU. JTO IeJlaeT aKTYaTbHBIM IOVICK HOBBIX
IIOAXO/IOB /IS OLIEHKY MX OIIACHOCTY ¥ KOHTPOJIA.

Llenv uccnedosanus — OleHKA PYCKOB MATOTEHOB ITyTeM MAIIMHHOTO OOy4eHUs B aHA/IN3e CIHEeKTPa TOKCUYHOCTH
Albifimbria verrucaria.

Hcmounukosas 6asa uccnedosanus. Haydnas mureparypa, JOCTYIHASA depe3 OTKPBITbIE OTeYeCTBEHHbIE U aHTJIO-
SA3bIYHBIE PeCYPChI ceTu VIHTepHeT.

Memoo uccneoosanus. [Ins aHanmuM3a TOKCUKOIOTMYECKOTO MPOMUIA MUKOTOKCMHOB ObIIM IIPYMEHEHbI METOMbI
in silico, ocHOBaHHbIE Ha MAIIMHHOM 00ydYeHNH, HO3BOIAOINe UeHTUDUIINPOBATh COMHEHNUS BBICOKOTO KIacca
OIIACHOCTM. DTU METOMBI 00eCIeYNBAIT IPUOPUTEIALNIO BEIECTB /s fa/IbHEIIIell yITyOIeHHO TOKCHKOJIOTYe-
CKOJI OLIeHKH, YTO 3HAUUTE/IBHO COKpAIjaeT BpeMs M PeCypchl, HeOOXOAMUMBIE I UCCIeOBaHMIL.

Pesynomamuot u o6cynoenue. IIpoBOgMIOCH M3ydeHME TOKCUKONIOTUYECKOTO TPOMUIA MUKOTOKCUHOB, IIPOAYIIM-
pyembIx matoreHHbIM rpubom Albifimbria verrucaria, u onpeneneHue ypOBHs UX OMACHOCTY C MCIO/Mb30BaHUEM Xe-
MOMH(OPMATHKN 1 MAIIMHHOrO 00y4eHus. PesynpraTbl MCCITOBAaHMA TI0KA3a/M, 9TO OKOIO 50 % MMKOTOKCHMHOB,
BbIpabaThIBaeMbIX IIECHEBBIM Ipri6oM, MoxkHO otHecTH K I u II xmaccam onacHocTy. [1py 9TOM 3HaUUTe/IbHAA YaCTh
3TUX COEIMHEHNIT OCTAETCA Ceif9ac BHE 30HBI KOHTPOJIS, HECMOTPs Ha MX IOTEHIMAIbHYIO YTPO3Y [/ JIIOfIEN U JKI-
BOTHBIX. DTO MIOYEPKUBALT HEOOXOMMMOCTD 60JIee TIIATeTbHOTO U3yIeHMsA I MOHUTOPUHIA TAKMX BEIeCTB.
Buvi600v1. TlomydyeHHble TaHHbBIE MOATBEP)KAAIOT BYKHOCTD Pa3pabOTKM U BHEIPEHUA COBPEMEHHBIX CHCTEM MOHU-
TOPUHTA U PETYIMPOBaHNA MUKOTOKCHHOB, OCOOCHHO B OTHOIIECHUV MaJIOM3y4eHHDIX U HOBBIX COelMHeHuit. Jc-
HOJIb30BaHMe XeMOMH(POPMATUIECKNX METOIOB IO3BONACT 3P PEKTIBHO BBIABIATh HaubOIee OIacHbIe BellecTBa U
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COCpEeAOTOYNTD YCUINA Ha X NCC/IENOBAHNM, YTO CHOCO6CTByeT MOBBIIIEHNIO 6€30IIaCHOCTI IINMIIEBBIX ITPOAYKTOB U
CHVDKEHMIO PVYICKOB /1A 3JOPOBbS YE€TOBEKA 1 JKNBOTHBIX.

Kniwoueswvie cnosa: Albifimbria verrucaria; Myrothecium verrucaria; agnamoxcun; seppykaput; mauunHoe o6yue-
HUe; MUKOMOKCUHDBL; OUeHKa mokcuuHocmu in silico; npedukmueHas mokcuKonozuss; popuouH; mpuxomeueHosvle
MUKOMOKCUHDL; XeMOUHPOPpMAMUKa
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Highlights

The use of artificial intelligence has great potential for predicting the toxic properties of new little-studied chemical
compounds, reducing the time and financial costs associated with identifying the risks of possible threats.

Relevance. Mycotoxins, which are secondary metabolites of mold fungi, represent one of the most significant factors of
chronic risk associated with food products. Their danger exceeds the threat posed by synthetic pollutants, plant toxins,
food additives, and pesticide residues. However, for many mycotoxins, the full toxicological profile has not yet been
established, and traditional analysis methods remain labor-intensive, costly, and insufficiently effective. This makes the
search for new approaches to assess their danger and control highly relevant.

Purpose of the study is to study the toxicological profile of mycotoxins produced by the pathogenic fungus Albifimbria
verrucaria and to determine their level of danger using chemoinformatics and machine learning.

Study base sources. Analysis of scientific literature available through open Russian and English-language Internet
resources.

Journal of NBC Protection Corps. 2025.V. 9. No 1



HoBble MeTOAbl OLLEHKM PUCKOB MNaTOreHOB: MalLlMHHOE 06y4eHMe B aHa/IM3e cneKkTpa TokcMyHocTu Albifimbria...
New Methods for Pathogen Risk Assessment: Machine Learning in the Analysis of Toxicity Spectrum of Albifimbria...

Method. In silico methods were applied to analyze the toxicological profile of mycotoxins, enabling the identification of
high-risk compounds. These methods prioritize substances for further in-depth toxicological assessment, significantly
reducing the time and resources required for research.

Results and Discussion. The study results showed that approximately 50% of mycotoxins produced by mold fungi
belong to hazard classes I and II. At the same time, a significant portion of these compounds remains outside the
control zone, despite their potential threat to living organisms. This highlights the need for more thorough study and
monitoring of such substances.

Conclusions. The obtained data confirm the importance of developing and implementing modern systems for
monitoring and regulating mycotoxins, especially for poorly studied and new compounds. The use of chemoinformatic
methods makes it possible to effectively identify the most hazardous substances and focus efforts on their research,
thereby enhancing food safety and reducing risks to human and animal health.
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CKOpOCTb OTKPBITUS HOBBIX XMMUUYECKUX
COeMHEeHNII MOCTOAHHO pacTeT, MPU 3TOM KO-
NYEeCTBO BeLeCTB, MAeHTU(PUIMPOBAHHBIX B
2015 r., COMOCTaBUMMO C COBOKYIIHBIM KOJIMYe-
CTBOM CO€JMHEHMUI, OTKPBITHIX Ha MPOTIXKEHUN
XIX-XX BB. [1-4]. OgHako Ha CErOJHALIHUI
JIeHb TOKCUKOJIOTMYeCKye CBOJICTBA NMPUOIU3N-
TenbHO 99,8 % XMMMYECKUX COEeTMHEHUI OCTa-
I0TCS HeM3y4eHHBbIMU. E>XeTHEBHO BO BCceM MUpe
peructpupyercs 6omee 10 ThIC. HOBBIX BeIlleCTB,
YTO B TOJOBOM MCUYMCIAEHUUM COCTaBAsIET IO-
pALKa HECKONbKUX MUIIMOHOB HOBBIX CO€M-
HeHUiT'. B Toxe Bpems, Takue MeXyHapOmHbIe
6a3bl ;aHHbIX, Kak ChEMBL? 1 CEBS?, exxeromuo
HONOJIHAIOTCA nuIb Ha 6 Thic. u 400 3anucei,
copepXamux MHPOpPMAanMIo0 O TOKCUYHOCTU
BelleCTB coOTBeTCTBeHHO. COOTBETCTBEHHO,
paspbIB MeX/y CKOPOCTbIO CMHTE3a HOBBIX MO-
JIEKY ¥ U3y4eHUeM UX PU3UKO-XVUMUYECKUX U
TOKCHUKOJIOTMYECKNX XapaKTEPUCTUK JOCTUTAET

KaK MUHUMYM TpeX MOPARKOB. B cBA3M Cc 3TUM,
3KCIepMMeHTa bHble METOJ bl VICC/IEJOBAHNIL He
HO3BONAIT CHOPMUPOBATH CUCTEMHOE IOHM-
MaHMe IOTEHLIMAJbHbIX XMMMYECKUX PIUCKOB
Ans GONMBIIOTO KONMMYECTBA COEAVHEHUIl, WX
BIIMAHMA Ha )KMBble OPTAaHU3MbBI M 5KOCHCTEMBbI
B LIEJIOM.

Vsmenenne KIMMaTUYECKUX YCIOBUN JO-
MOTHUTENPHO CTUMYINPYET POCT XMMUYIECKOTO
pasHooOpa3usa npupomHbIX coepyHeHunit. Ilo-
BBIIIEHJME TeMIIEpaTyphbl, BAAXXHOCTM U KOH-
nenatpanuu CO, B arMochepe MpUBOAUT K IO-
ABJIEHNIO HOBBIX IITAMMOB MMKPOOPIaHM3MOB
C YHUKQJIbHBIMU OMOCUHTETUYECKUMY NYTAMMU
[5]. Ha cerogHAmHMII JeHb M3 IIPUPOJHBIX
JMCTOYHMKOB BBIJI€IEHO OKONO MMJIIMOHA YHMU-
KaZbHbIX MOJIEKY/, OFHAKO, 3TO JMIIb Manas
4acThb MX PeajTbHOTO OMOXMMMYECKOTO IOTEH-
nuasna. C2023 mo 2025 rr. yueHble ONMCAIN OKOJIO
300 TBIC. HOBBIX NIPUPOIHBIX COEZVHEHMIT'.

! PubChem. National Center for Biotechnology Information, U.S. National Library of Medicine. URL:
http://pubchem.ncbi.nlm.nih.gov/ (mara obpamenns: 15.02.2025).

2 ChEMBL. European Bioinformatics Institute, part of the European Molecular Biology Laboratory. URL:
http://www.ebi.ac.uk/chembl/ (zata obpamenns: 15.02.2025).

* CEBS. National Institute of Environmental Health Sciences. URL: http://cebs.niehs.nih.gov/cebs/ (zata o6pare-

Hus: 15.02.2025).

* COCONUT: Collection of Open Natural Products. URL: https://coconut.naturalproducts.net (zara obparienns:

15.02.2025).
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Mukpockonmieckue rpuoObl eXerojHO CTaHO-
BSTCS MCTOYHMKOM OKOJIO 2 THIC. paHee HeM3-
BECTHBIX METa0O/IUTOB’.

HecMmoTpss Ha 04YeBM[HYI0O HEOOXORVIMOCTH
OLIEHKM TOKCHUKOJIOIMYECKNX CBONMCTB HOBBIX
XUMWYECKNX COENVHEHMI, MAHHBI IpoLecc
OCTaeTcsi KpajiHe CIOXHBIM ¥ PeCypCOeMKMM.
Hanpumep, mns peructpanum mecTUIMA Ha
teppuropun CIIA tpebyercsa mpoBefeHMe II0-
panka 80 pasnAMYHBIX TECTOB, HAIpPaBJIEHHbBIX
Ha OIpefiefieHNe TOKCUYHOCTH, COBOKYIIHAs
CTOMMOCTbh KOTOPBIX MpeBbiltaer 20 MIH MON-
napoB. Hanboree 3aTpaTHBIMU SIBISIOTCS MCCIIe-
JOBaHUS XPOHMYECKOI TOKCUYHOCTM U KaHIe-
pPOTEeHHOTO IOTeHIMana. B 4acTHOCTHU, OlleHKa
XPOHMYECKOI TOKCUYHOCTU TPU TEePOParTbHOM
BBefleHuM (Ha mpuMepe cobak) OOXORUTCSA B
1 MJIH [[O/IIApOB, @ TECTUPOBaHMe Ha KAHIEPO-
TeHHOCTD (C MCIOb30BAHMEM KPBIC M MBbIIIIEIT) —
B 2,1 mnu momnapos®. ITogobubll momxonm xa-
paKTepu3yeTcss BBICOKON CTOMMOCTBIO, 3HAYM-
Te/IbHBIMM BpPEMEHHBIMU 3aTpaTaMy, a TaKXKe
3TUYECKUMU OTPAHUYEHUSIMHU, ITO [[€/IA€T €ro
HENPUMEHUMBIM [JIsI MacHITAaOHOTO CKPUHMHTA
60JIBIIOTO YMC/Ia COeNVHEH M.

Ha ocHOBe BBIIIECKa3aHHOTO, MOXXHO CJe-
7aTh BBIBOJ, YTO MCIIOAb30BAHME TOIBKO 3KC-
NepPUMEHTAIbHBIX METO[OB MCC/IEOBAHUIT He
M03BOJIsSIeT Ha JaHHBINI MOMEHT cHOPMUPOBATH
CUCTEMHOE IOHMMaHMe IOTEHIMANbHbIX XU-
MUYECKUX PUCKOB, UX BIAUSHMSA Ha KUBbBIE OP-
TaHM3Mbl ¥ SKOCUCTeMBbI B IenoM. I[loatomy
B paMKax permameHta EBpomeiickoro Corosa
REACH (a66p. ot auri. Registration, Evaluation
and Authorisation of CHemicals), koTopslit pery-
TUPYeT MPOU3BOACTBO, 060POT U PerucTparnio
BCeX XMMMYECKUX BeIeCTB, BBIIYCKaeMBbIX B
IpPOMBIIIJIEHHBIX 0O0bemMax (6omee 1 TOHHBI B
rOfi), AKTUBHO MO/ IeP)KMBAETCS UCIIONTb30BaHME
QJIbTEPHATUBHBIX METOJOB TECTUPOBAHMS, WC-
K/IIOYAIoINX IpUMeHeHe XUBOTHBIX. B vact-
HOCTM, aKTVBHO OOCYXXJaeTCsl BHeJ[peHUe BBI-
YUCAUTENbHBIX mopxomoB (in silico) Ha ocHOBe
TeXHOJIOT Ml MAaLIMHHOTO 00y YeHNUs [/Is1 OLeHKN
6€30IIaCHOCTY XMMUYECKUX COeUHEeHu [6].

MUKOTOKCUHBI, BTOPUYHBIE MeTaOOTUTHI
IJIECHEBBIX T'PUOOB, ABIAKTCA OHUM U3 HaM-
6071ee 3HAYNMMBIX XPOHMYECKUX GAKTOPOB PUCKA,
CBS3aHHBIX C MUTAaHNEM, IPEBOCXO/ IO CBOEII
OMACHOCTM  CUHTETMYECKUe  3arps3sHUTeNiu,
pacTuTe/nbHble TOKCUHBI, MUIIEBbIe KOOABKU 1
ocTaTKy mecTuiupoB. OHKM MOTYT MPOHUKATH B
Hally NNIIEBYIO [[eNOYKY KaK HaNpsAMYyIo, TaK U
KOCBEHHO 4epe3 3arps3HEHHbIe PaCTUTETbHBIE

KOMIIOHEHTBl HUINV WMIM Pa3BUTHE TOKCHHO-
TeHHBIX MUKPOMUILeTOB Ha nuiie. CoraacHo mc-
cnegoBaHuio [IpogOBOIBCTBEHHON 1 CENTBCKOXO-
3saiictBeHHoI opranusanuu FAO (a66p. ot aHrI.
Food and Agriculture Organization), npumepHo
25 % MUPOBOTO NPOU3BOACTBA NPOJOBONbCTBUA
¥ KOPMOB 3arpsi3HeHbl MUKoTOKCMHamu. Ha ce-
TOJIHALIHNI IeHb U3BECTHO 6oyee 4 ThIC. MUKO-
TOKCMHOB, HO aHaJIMTU4YEeCKUEe METOAbl PYTUH-
HOTO aHanu3a paspaboTaHbl TONBKO IPUMEPHO
st 30 OCHOBHBIX MUKOTOKCUHOB [7-9].

Ilenv pabomov. — OILlEHKA PUCKOB NMATOT€HOB
IyTeM MAaIlMHHOTO 00y 4eH s B aHa/IM3e CIIeKTpa
TokcuaHocTu Albifimbria verrucaria.

Mcmounukosas 6asza. Hayunasa nureparypa,
JIOCTYIIHasl Yepe3 OTKPBITble OTeYeCTBEHHbBIE U
aHITIOA3bIYHBIE pecypchl ceTn VIHTepHeT.

Memoowt uccnedosanus. JIna ananmsa TOKCK-
KOJIOTMYeCKOTO MPOdUIs MUKOTOKCUHOB OBIIN
IpUMeHeHbl MeTOABI in silico, OCHOBaHHBIE Ha
MAaIIMHHOM OOy4YeHuu, MO3BONAIINE WUJEH-
TUPUUNPOBATh COEAMHEHMs BBICOKOTO KJacca
ONMaCcHOCTM. DTU MeTOABI 00ecledynBalT NPHU-
OpMTE3alMI0 BELeCTB [/ HajJbHeNIel yriy-
6/IEHHOII TOKCHUKOJIOTMYECKON OI[eHKM, 4YTO
3HAYNMTEIbHO COKpalllaeT BpeMs ¥ PecypcChl, He-
06X0AIMBI€e /151 UCCTIEAOBAHNI.

Hns docmuscenus O0aHHOU uenu MbI UCCIIe-
JIOBaI¥ BO3MOXXHOCTHU, IPEfOCTaBIsAeMble CO-
BPEMEHHBIMU METOJaMU XeMOMH(OPMATUKI
IS ONy4YeHNs HefocTaplneil nHpopmanum o
BO3MOXXHBIX TOKCUKOMTOTMYECKUX PUCKAX Ma-
JIONCCIeOBAHHBIX MMKOTOKCUHOB C ITOMOIIBIO
IpeCcKa3aTeTbHOTO MOJe/IMPOBAHNUA Ha OCHOBE
MalIMHHOTO 00ydyeHus. Ha mpumepe oTHOCH-
Te/IbHO XOPOIIO MCCIeMOBAHHBIX adIaTOKCUHOB
M OCTYIHBIX JTUTEPATyPHBIX HaHHBIX MBI 00-
CyXJaeM IpeuMyIecTBa MHOTOIIapaMeTpude-
CKOTO IIOIXOfIa K aHA/IN3Y CIeKTPa TOKCUIHOCTY
MUKOTOKCUHOB. B KauecTBe 0CHOBHOTO 0ObeKTa
UCCIeloBaHys ObUI BbIOpaH HabOp BTOPUYHBIX
MeTabOoMUTOB, IPOAYLMPYEMBIX HAaTOIeHHBIM
rpubom Albifimbria verrucaria, Tak KaK ¢ OHOI
CTOPOHBI M3BECTHO, YTO OHM IPECTABIAIOT
HOBBIIIEHHYIO ONACHOCTb [/IA 4Ye/lOBeKa, KM-
BOTHBIX U PAJAa PacTeHMI, ¢ JPYroOil CTOPOHBI
TOKCUKOJIOTMYeCK)e CBOJCTBA OObIIeil YacTu
9TUX COefMHEHMIT HeJOCTATOYHO MCCIeZOBaHBI
3KCIEePUMEHTAIbHO.

1. O6uue cBereHN s 0 MUKPOMUIIETaX BU/A
Albifimbria verrucaria

Albifimbria verrucaria (panee — Myrothecium
verrucaria) — 9TO pOJ HeCOBepPLIEHHBIX MUKPO-

*> Natural Products Atlas: Discover Overview. URL: https://www.npatlas.org/discover/overview (mara obpaieHus:

14.02.2025).

¢ Cost Estimates of Studies Required for Pesticide Registration. URL: https://www.epa.gov/pesticide-registration/
cost-estimates-studies-required-pesticide-rgistration (gara o6pamenns: 19.02.2025).
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MUILIETOB, KOTOPBIII OTHOCUTCA K CEMENCTBY
Stachybotryaceae, otmeny Ascomycota, Kmaccy
Ascomycetes ¥ ABISETCS MHOT000eIAOINM
VHCTPYMEHTOM J/Ii MHOTUX Ba)XHBIX MMKOTEX-
HOJIOTMYeCKMX HPUMEHEHMIT, TAKUX KaK HpOon3-
BOJICTBO BBICOKO3((EKTUBHBIX 61OrepONLNIOB
C BBICOKOJI BUPYIEHTHOCTBIO IPOTUB LI POKOTO
CIIeKTpa pacTEeHMUIT U3 Pa3HBIX CeMeNCTB (mopa-
JKAIOT BCe YaCTU PACTEHUI).

Bunsr Albifimbria mmpoxo pacpocTpaHeHbl
0 BCeMy MUPY KakK 3HJOQUTHbIe I'pubHI, KO-
TOpble KOMOHU3MPYIOT pa3IuM4yHble OPraHU3MbI
KakK canpo¢uTHble IpUOHI B IIOYBE U pasjaraw-
IMXCS TKaHAX PAaCTeHMIT V/IM KaK ATOTeHbl Ha
pasnu4HbpIX opranusmax. Kpome Toro, ycraHoB-
neHo, 4To Albifimbria nposBnseT BBIpa>keHHYIO
VHCEKTULMHYI0 aKTUBHOCTH, 0COOEHHO B OTHO-
IeHNM KoMapoB (BbipabarsiBaemble Albifimbria
(depMeHTHl pa3pyIIalOT BHEKIETOYHYI KYTHU-
KY/Iy HaceKoMbIX) 1 Hematop [10-18]. Jo 2011 r.
ObIIO  3aperncTpupoBaHo okomo 30 BuOB
Albifimbria, a B mapte 2019 1. B 6a3e JaHHBIX
Index Fungorum snaumnocs yxe 90 Bupos [19].

Bupbr Albifimbria (Myrothecium) aBnsoTCA
HPOAYLEHTAaM) MHOXXECTBAa OMOIOIMYeCKM ak-
TUBHBIX BTOPUYHBIX MeTaOOIUTOB, TAKMX KaK
depMeHTHl (MMIa3bl, XUTHUHA3BI, TaKKa3bl U
npoTenHassl), AHTUOMOTUKM (B OTHOIIEHUU
IIMPOKOTO CIEKTpa IIaTOTeHHBIX OaKTepuit:
Escherichia coli, Salmonella typhi, Klebsiella
pneumoniae, Bacillus cereus, Bacillus subtillis,
Shigella flexner, Staphylococcus aureus u gp.), ce-
CKBUTEPIEHOU DI, TPUTEPIIEHDI, ZUTEPIIEHONBI,
IUK/IONEeNTHU bl TpUTepIeHOBBIIT ITTMKO3U, TTO]
HasBaHmeM FR227244 nposasnser in vitro mpo-
TUBOTPUOKOBYI0 aKTUBHOCTD B OTHOIIEHUN
Aspergillus sp., Trichophyton sp., Sclerotinia
sclerotiorum, Candida albicans, Candida utilis n
Candida parapsilosis. Kpome toro, rpubst poga
Albifimbria nIpogyuupyoT MaKpOLMKINYeCKIe
TPUXOTELIEHOBbIE MMKOTOKCIMHBI, TAKMe KaK Bep-
PYKapMHBI ¥ POPUAMHBI, 00/1ajaolyie BBICOKUM
TOKCUTEHHBIM ITOTEHIIMAIOM U CITIOCOOHBIE TaKe
B OYeHb Ma/bIX KOHI[EHTPAaLMsAX IOpakaTb He
TONIbKO PAaCTEHVA, HO M KPYIHBI POTraThIil CKOT
(KPC), oBer, nomurafeit, BbI3bIBasi UX BHE3AIHY O
CMepTh, CONPOBOXK/AIOIYIOCS 3aCTONHBIMY SB-
JIEHUSIMU U OTEKOM JIETKMX, a TaK)Ke HeKPOTU-
YeCKMM MOpakeHueM Cbluyra 1 nedenu [20-36].

IurepneHoBblit aHTHOMOTUK Mupouua C
IPOJAEMOHCTPUPOBA/ HPOTUBOONYXO/NEBYI0 aK-
TUBHOCTD, KOTOPasi B YMEPEHHOII CTeleHN YBe-
IMYMIA TPOJO/KUTENBHOCTD )XU3HYM MBILIEN C
acuuTHOI omyxonbilo Jdpnuxa. Albifimbria spp.
(Myrothecium) 6bI1 U3y4eHBbI B Ka4eCTBe Cpef-
CTBA [/Is IeYeHMs paKa M3-3a UX [UTOTOKCHUYe-
CKOTO BO3JIEVICTBUA: OHU NPOJEMOHCTPUPOBAIN

CIOCOOHOCTh GOPOTHCSI C HEKOTOPBIMU OIYXO-
NSIMU U TIOJABIATH pak nedenu [37-39]. Cnucoxk
HOTeHIMANbHBIX  npuMeHeHuit  Albifimbria
(Myrothecium) wnu coeguHEHMI, MOTYy4YEeHHBIX
u3 Albifimbria, HOCTOAHHO paclINPAETCA.

B 6MOTeXHONIOrMYeCcKOoil MPOMBIIIIEHHOCTY
IV POKO MCIIONb3yeTcs ciocobHocTh Albifimbria
verrucaria BbIpabaTbIBaThb OMIMPYOUH-OKCH-
a3y, KOTOpasi MMeeT paslINdYHble IPUMEHEHNs,
TaKye KaK IPOU3BOJCTBO O1obaTapeit 1 61oceH-
COpOB, 0TOeTMBaHIE OfEXIBI, OYNCTKA CTOYHBIX
BOn 1 obeciiBeunBaHme Kpacurenei [40-46].

2. TpuxoTremeHoBble MUKOTOKCIHBI

buonornyeckass akTUBHOCTDb I TOKCMYHOCTD
Bcex TpuxoreneHoB (TCN) B ocHOBHOM 006y-
C/IOBJIEHBI HajlN4yeM B CBOell CTPYKType TpH-
XOTELleHOBOTO KO/Ibla (TPUXOTEKaHa), OSIOK-
CUJHOI T'PYIIBI ¢ Pa3IMYHBIMU 3aMelleHNAMN
60KOBOII 1eIN.

Haubonee wmusyuennoiMmu TCN sBnsoTcs
Beppykapuusl A, B, C, D, ], Z u popuaussl A,
E, F, H, HanmeHee - popuauH L (B OTKpBITBIX
UCTOYHMKAX 00 3TOM MUKOTOKCHHE COTEPKUTCS
OYeHb CKyAHas MHPOPMAIUS).

TCN oTnMyaloTCcs BBICOKON CTaOMIBHO-
CTbIO: IPAKTUYECKV He Pa3pyLIAITCA IOJ BO3-
HeliCTBMEM BO3[JyXa, CBeTa BO BpeMs XpaHeHM,
ynbTpaduoneToBBIX ydeil, YCTONYMBBI K BO3-
[eiiCTBUIO BBICOKMX TeMIeparyp (mpm Bo3jeii-
ctBum Temmneparypsl 120 °C B TedeHMe 2 4 TOK-
cuyHocTh TCN mpaKTu4ecKyM He CHUKAETCHA)
U TpU ABTOKJIABUPOBAHMU. JVIHAaKTUBMPYIOT
TCN pnurenbHas TepMmueckas o6paboTka
npu BBICOKON Temmepatype (482 °C B TedeHme
10 MUH), a TaK>Xe JeICTBME CUIBHBIX KMCIOT U
menouenn [47, 48].

bnarogapss Bbicokoit crabunpHoctu TCN,
JIeTKO MOMIajasi B MMIeBble IeIIOYKM KaK JIIofer],
TaK ¥ JXMBOTHBIX, BBI3BIBAIOT pa3/lIN4HbIE OT-
paBJIeHM, @ UX META0OMINTHI IOPAXKAIOT KIeTKI
3MMUJIepPMIUCA, JKETYJOYHO-KMIIEYHOIO TPaKTa,
Ie4yeH!, IoYeK, KpaCHOTO KOCTHOro Mosra. Me-
XaHU3M ToKcudeckoro geiictsust TCN nposasns-
eTcsd B OKMICIUTE/IbHOM IOPa’KeHUM KJIe€TOK, NH-
rubupoBaHuM CuHTe3a GelKa M HYKIEMHOBBIX
KUCIIOT, AaKTUBHOCTM HenTuauiatrpancdepas
IIyTeM KOHKYpPeHIMJ 32 MeCTa CBA3BIBAHUS Ha
pubocomax, IpuBoOJAlLee B JalbHEIIeM K allOTI-
TO3Yy WIN KIeTo4Hoil rubenu. Kpome toro, atu
TOKCUHBI IOJABIAT MMMYHUTET (3HAYMTETBHO
ocnabnaoT ¢ynknuo T- um B-nmmdonuros),
4YTO CTAHOBUTCH, K IPUMEPY, OJHOI U3 NPUYNH
IIMPOKOTO pacIpOCTpaHeHMsA TyOepKyrne3a U
nerikosza y KPC [49]. IlpnuemM TpuxoTeleHb U3
BCeX MUKOTOKCUHOB YCTYHAIOT B 3TOM TOJIBKO
admaTokcuHaM.
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3. ToxkcuyHOCTH
AB/IEHME

TOKCUYHOCTD peACTaBIsIET COOO0IT CTOXKHOE
U MHOTOTPaHHOE sIBJIEHJe, OXBaTblBaollee pas-
JIMYHBIe ACIEeKTBHl BPEJHOTO BO3JENCTBUS Be-
IIeCTB Ha )KMBbIe OPTaHU3MBbI. Ba’kHO HOHMMATD,
4TO TOKCUYECKOE [eNICTBUE TOr0 WIM WHOTO
BelleCTBA MOXXET HPOSBIATHCA B Pa3IMYHBIX
¢dopmax. CrucreMHbIe TapaMeTpPbl TOKCUYHOCTH
BK/IIOYAIOT OL[€HKY O0Iero BpegHOro AeiicTBMA
Ha BeCb OPraHM3M, BKIIOYasg OCTPYIO M XPOHMU-
YeCKYI0 TOKCMYHOCTD, TOT/Ia KaK IIOJCUCTEMHbIE
napaMeTpsl GOKYCUPYIOTCS Ha KOHKPETHBIX Op-
raHax VIM CUCTeMaX, HallpuMep, MyTar€HHOCTb,
KaHIIepOTeHHOCTb, TeMaTOTOKCUYHOCTD, HETPO-
TOKCUYHOCTb, PENpPOAYKTUBHAA TOKCUYHOCTD.
OueHKa TOKCMYHOCTY YacTO OCYLIECTBIISETCS
C UCIONb30BaHMEM TaKMX IIOKa3aTeneil, Kak
LD, (cpennsasa neranbHas mosa) u IC_, (koHueH-
Tpauus MOTyMaKCHMaTbHOTO NHTMOMPOBAHNSA).
QU3NKO-XUMMWYECKMe IapaMeTpbl UIPAOT He
MeHee Ba)KHYI0 POJIb IIPM COCTaBIEHUM TOKCH-
KOJIOTMYeCKOro npoduis, Tak KaK OHU Ompee-
NAI0T TOBeJeHVe MOJIEKY/Ibl B OMOTOrMYeCcKUX
CUCTeMaX, Iy T! ee IPOHUKHOBEHS B OPraHU3M,
pacupepenenne, MeTabon3M U BbIBefIeHIE.

B nmononHeHme K BBINIECKa3aHHOMY, CTOUT
OTMETUTb, YTO IPOBe/eHIIe TOKCUKOTOTUYECKUX
9KCIEePVIMEHTOB Ha Pa3HbIX BUAAX >XMBOTHBIX
U [pU Pa3IMYHBIX CIHOCOOAX BBEIEHMS [O3BI
TaK>Xe SB/IAETCA Ba>XHBIM 3TAllOM B OIlEHKE
6esomacHocTM BemecTB. Takoit mogxopm obe-
clleduBaeT 0ojee MOJTHOEe HOHMMAaHMEe TOKCUKO-
JIOTM4eCKOro npouisi BelecTBa U MO3BOJSIET
MMHUMUBUPOBATH PUCKYU HNPU alIPOKCUMALIUK
JlaHHBIX Ha 4yenoBeKa (pucyHok 1).

CremoBaTenbHO, MOXKHO CHie/IaTh BHIBOJ, YTO
151 OLEHKM PMCKOB MCIIONb30BaHMeE TONBKO Off-
HOTO M3 II0Ka3aTejell TOKCUMYHOCTU (HalpuMep,
LD, mns KaKOJ-T100 >KMBOTHOI MOJENIN) HEJO-
CTaTOYHO, — HEOOXOIMM KOMIIJIEKCHBIN IOIXOJ,
IpY OLleHKe BO3JEICTBMSA MCCIEyeMOTO Bele-
CTBa Ha >KUBble OpraHu3Mbl. PasHble BemjecTBa
MOTYT MMeTb pa3/NYHble MeXaHU3Mbl TOKCUYe-
CKOTO BO3JENCTBUSA: OJHO U TO K€ COeTMHEHIE
MOKeT ObITh TOKCUMYHBIM /I IIeYeHu, HO 6e30-
HACHBIM I IPYTUX OPTaHOB.

KoMIiekCHBINT TOAXO0/, BKAKYAIIUI B
cebsg aHaNMM3 I[eIOT0 CIEKTPa TOKCUKOIOTU-
YeCKMX IapaMeTpPOB, CIOCOOCTBYeT MUHMMU-
3aguy OmWMOOK IpPU MHTEpPHpeTanuyu TOKCU-
YeCKMX CBOJICTB COeIUHEHMIT U obecliedmBaeT
6onee rr1y6oKoe NMOHMMaHME MX BO3MOXKHOTO
BO3JEVICTBMSA Ha 3TOPOBbE XMBBIX OPTAaHU3MOB.
CrnegyeTr OTMETUTD, YTO YPOBEHb TOKCHMYHOCTH
BelleCTBA MOXeT CYIIeCTBEHHO WU3MEeHAThCA
B 3aBMUCUMOCTU OT IIyTM €ro BBeleHUs:A, Oynb
TO INepOpaabHbIN, MHDBEKIMOHHBIN WM VHON

KakK MHOTIOrpaHHO€
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PucyHok 1 - Tokcukonozuueckuli npocpusb: pakmopul 803-
Oelicmeusi, cnocobbl eeedeHuUss U 06veKMbl UCC/1e008aHUS
(bucyHok nodzomoesneH asmopamu)

Figure 1: Toxicological profile: exposure factors, methods
of administration and objects of research (the figure is
compiled by the authors)

cnoco6. Hanpumep, onpeyeneHHbIe COeIMHEHN A
MOTYT HAEeMOHCTPMPOBATb CHMKEHHYIO TOKCHUY-
HOCTb IpU IEepOpabHOM IIpueMe Ormaropaps
npoieccaM MeTabo/nu3Ma, OJHAKO IPOSIBIATDH
BBICOKYI0 TOKCHMYHOCTb HPU BHYTPUBEHHOM
BBefleHNNU. VIHTerpupoBaHHBIN NOAXOJ[ II03BO-
NseT MIPOBOJUTD OLLEHKY TOKCMYHOCTY C YYE€TOM
PasIMYHBIX NyTell NOCTYIIGHWs BellleCTBa B
OpTaHU3M.

Takum o6pa3oM, OleHKa TOKCUYHOCTU MM-
KOTOKCUHOB TpebyeT NpUMeHeHUs KOMIITIEKC-
HOTO IIOJIXOfa JI/ISl aHa/lIN3a PUCKOB, OCOOEHHO
B KOHTEKCTe MX NPUCYTCTBUSA B NUILEBBIX IIPO-
OYKTaX M KOpMaXx [ >)KUBOTHBIX.

4. Vicnonb3oBaHue XeMOMH(OPMATUKHN U
MAIIMHHOTO OOy4YeHMs [/ OLeHKVM PUCKOB
MUKOTOKCHMHOB: VHHOBAIMOHHBI IOAXON K
obecrmeyeHn 0 0e€30IMaCHOCTH

Xemoungopmamuxka - 93TO TpUMEHeHUe
BBIYVC/IUTEIbHBIX TEXHONOTUII M/ pelleHus
TaKMX 3aflad XUMMUM, KaK I[POrHO3MPOBaHUE
CBOJICTB, pa3pab0OTKa MaTepPUaIOB, PETPOCUHTE-
TUYeCKUIl aHanmu3 u T.4. [50-52]. [Ipeouxmuenas
MOKCUKO/IO2US — OJHO W3 HPUIOXKEHMUIT XeMO-
nHpopMaTUKM, KOTOPOEe HAINpaB/IeHO Ha IIPO-
THO3MPOBAHME PA3TIMIHBIX TOKCUKOMTOTMYECKUX
XapaKTEPUCTUK XUMUIECKUX COETUHEHUI U UX
KmaccuduKanuio B 3aBUCUMOCTU OT CTEMeHMU
HOTEHIMAJIbHOTO BO3JECTBUs Ha >KUBbBIE Op-
raHnsMsl [52, 53]. XemonHdopMaTnka BHOCKT
3HAUYMTENbHBI BKIaN B CUCTEMATU3ALMIO
3HAHUI, HEOOXOMUMBIX [ GOPMUPOBAHUS
6a3 JaHHBIX ¥ Pa3pabOTKM KOMIBIOTEPHBIX
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MoOfesnell, HaIpaBIeHHbIX Ha IIpeJcKa3aHue
BIVAHNSA HOBBIX XUMMYECKUX COETMHEHMI Ha
opraHmsM uenoBeka. JccimegoBaHue Konmue-
CTBEHHBIX B3aMMOCBiA3E€Nl MEXAY CTPYKTYpoil
M OMONOrMYeCKOl aKTMBHOCTBIO  BelecTB
npu nomoumy MartemMarmdeckoin mogmenu QSAR
(a66p. ot anrm. Quantitative Structure-Activity
Relationship - komuvecTBeHHOE COOTHOIIEHUE
CTPYKTypa—CBOWCTBO) IpeACTaBiasieT co00it
K/TIOU€BOJ aCIIeKT XeMOMH(POPMATUKHI U CIOCO0-
CTBYET €€ MPaKTUIeCKOMY IPUMEHEHHUI0 B 9TOM
cdepe [53-56].

Ha cerogHsiumit jeHb B XeMOMHpOpPMaTIKe
OCHOBHBIM MHCTPYMEHTOM [ IOCTPOEHMA
Mojerneil IpeficKa3aHMUs CBOMCTB XUMMYECKUX
COeIVIHEHMIT AB/IAETCA MallVHHOe OoO0ydeHMe,
KOTOpOe oIlpefiefisieTcs KaK «pasfien MCKYycC-
CTBEHHOTO MHTE/IEeKTa, paccMaTpUBAIOLNII
MeTOJIbl ITOCTPOEHNA aJTOPUTMOB M HA UX OC-
HOBe KOMIIBIOTEPHBIX IIPOI'PaMM, CIHOCOOHBIX
obydarbcsi. OOydeHme OOBIYHO BefleTCs IyTeM
HpeIbsBIEeHNUs SMIUPNIECKNX JaHHBIX (Ha3bI-
BaeMbIX IpelefleHTaMi WIN HaOTIfeHUsIMN),
B KOTOPBIX BBIABISAIOTCA 3aKOHOMEPHOCTH, U Ha
UX OCHOBE CTPOATCA MOJeNy, I03BOJAIINE B
JalbHelllleM NPOTHO3MPOBATh OIpeJeeHHbIe
XapaKTepUCTUKM (Ha3biBaeMble OTBETaMU) s
HOBBIX 00beKTOB» [57]. B cBOIO Ouepenp TepMUH
«MCKyCcCTBeHHBINT uMHTennekT» (VM) cormacHo
nacnopty @epgepanbroro IIpoexkra P® mo Vc-
KycCTBEHHOMY VIHTenneKkTy ompepenAeTca Kak
«KOMII/IEKC TEeXHOJNIOTMYECKUX pellleHNIt, I03BO-
AU UMUTUPOBATh KOTHUTUBHBIE QYHKIIUNU
Je0oBeKa (BK/IIOYasA caMOOOyUYeHMe U MONUCK pe-
meHnit 6e3 3apaHee 3aJaHHOTO AJATOPUTMA) U
IIO/Iy4YaTh IIpU BBINOJIHEHUM KOHKPETHBIX 334
pe3y/nbTaThl, CONOCTaBMMBbIE, KaK MUHUMYM,
C pesynbTaTaMM MHTE/IEKTYaJbHOI HesATeNb-
HOCTH Ye/TOBeKa»’.

B cBoeit cTaTbe cnenuanucramu «27 Hayd-
HOTro IleHTpa MMeHM akajgemuka H.[. 3enusn-
ckoro» MuHucTepcTBa 060poHbI Poccuiickoit
Qenepanum OBIIM PACCMOTPEHBI Pa3IMYHbIE
ACIEeKThI MICIIONIb30BAHN A MAIIMHHOTO O0yYeH N
I/ CO3[aHMsA aBTOMATU3MPOBAHHON CHUCTEMBbI
MOHUTOPMHIA PafMAIMOHHONM, XMMWYECKON U
6uonornueckoir (PXB) ob6cranoBku. OcobeHHO
OB OTMEeYeHBI BO3MOXKHOCTYU MCIIOb30BAHMS
TexHonoruit VIV A nporao3supoBaHus pUCKOB,
CBA3aHHBIX ¢ U3MeHeHueM PXDB o6cTaHOBKM, U
aHA/NM3a BO3MAEVICTBUSA Pa3IMUYHbIX BellecTB Ha
JKVMBbIe OPTAaHM3MBI, 3JIeMEHTBl MHQPPACTPYK-
TYPBI ¥ 9KOCKCTeMBI [58].

B psapme pabor ObIIM mpefcTaBIeHBI MHO-
rosajjauHble MeTOAbl MAIIMHHOTO OOydYeHUs,
pa3paboTaHHble CHENMAJbHO [JIs IpefcKa-
3aHUA CIEKTpPa TOKCUKOTOTMYECKMX Iapame-
TPOB OOJIBIIOTO KONTMYECTBA OPraHMYECKUX CO-
€OVIHEHUII /151 pa3/IM4YHbIX )KMBOTHBIX MOJEIEN,
METORBl MAIIMHHOTO OOy4YeHMs, OCHOBAHHBIE
Ha TPeXMEPHBIX CBEPTOYHBIX HEMPOCeTAX A
npepckazaHus GakTopa OMOAKKYMYISALUU Op-
TraHMYeCKMX MOJIEKY/I; IPUBEEHBl Pe3yIbTaThl
0 MCIOAb30BAHMIO MAIIMHHOTO OOyYeHMUs
A ONTMMM3ALVM HPeCTaBIeHUA MPOCTPaH-
CTBa XMMUYECKUX PpeaKIuil C ILelbl0 IOMCKa
ONTUMAJIbHBIX IyTell OPraHMYeCKOrO CUHTe3a,
pa3paboTKM MeTO#a KOHBepTALMM XUMUYe-
CKMX HOTAIMil C MCIOIb30BaHUEM TpaHCPOp-
MEpPHBIX HeIPOCETeBbIX apPXUTEKTYp, NMpeficKa-
3aHUs AaHTUBMPYCHOI aKTMBHOCTH LI€/IOTO PsAfia
0MO0aKTUBHBIX MOJIEKYJ, a TaKXXe P MeTOHO-
JTOTMYECKMX pPEeKOMEHMAalMil 10 aHaau3y Ka-
yecTBa Ipe/ICKa3aTe/IbHbIX MOJie/lell MallMH-
HOro OOy4YeHVs B BBIYMCIUTENBHON TOKCUKO-
noruu [59-64].

[I7151 KOMIIZIEKCHOTO aHanMn3a CBOCTB XUMM-
4eCKUX COeNVIHeHWI (BK/IIo4Yas HOBbIE CTPYK-
Typbl) HeIaBHO Obl/la paspaboTaHa poccuiicKas
MOAY/IbHAs MIaTGOpMa UCKYCCTBEHHOTO MHTETI-
nekra Cuntemnu (Syntelly), mosBonsmomas cy-
I[eCTBEHHO YBEIMYUTb CKOPOCTU U 3 PeKTuB-
HOCTHU MICCTIeOBAHMII B 00IaCTM OpraHM4ecKo
Y MeIMIIMHCKOM XumMun®.

Mopenu, peanuszoBanusie B CUHTeNIN, OC-
HOBAaHBI Ha pe3y/IbTaTaxX pAfa HayYHBIX paboT
¥l IO3BOJIAIOT IIPOTHO3MPOBATh CBOJICTBA Ha OC-
HOBe HaOOpPOB NUTEPATYPHBIX ZAHHBIX U CTPYK-
TYPHBIX JeCKPUIITOPOB COEMHEHMNIT C TOMOIIbIO
COBPEMEHHBIX METOJOB MAaIIMHHOTO OOy4eHMs
[59-64]. KauecTBO mpOorHo3a He yCTyIaeT Hau-
0o/ee pacnpoCTpaHEHHBIM 3apYOeXXKHBIM IIPO-
TPaMMHBIM IIPOAYKTaM [59].

ITnardopma comepxut nndpopmanuio 6onee
yeM 0 160 M/IH OpraHM4YecKux coefmHenuii. Mo-
Ay/Tb IPOTHO3MPOBAHNUS CBOWCTB II03BOJISAET
npesckaszarb Ooree 40 mapaMeTpOB TOKCHMY-
HOCTH, BKMo4ass LD, Ha pasnu4HbIX MOMeNnsx
KUBOTHBIX: PENPOAYKTUBHYIO TOKCUYHOCTbD,
Kapuo- ¥ TeNaTOTOKCUYHOCTb, KaHI[ePOTeH-
HOoCcTh M papyrue. Ilmardopma Takke mpemo-
CTaB/IsA€T BO3MOXXHOCTb BBIYMCINTD 5 3KO-
TOKCUKOJIOTMYeCKMX IapaMeTpoB (OMOKOHIIEH-
TpanuoHHbI pakTop, 40-1acosoit Tetrahymena
piriformis 1GC,, Daphnia Magna LC,, 96 u
Fathead Minnow LCSO, OCTpasi TOKCMYHOCTD 1A

7 HaumoHabHasI CTpaTerus Pa3BUTU UCKYCCTBEHHOTO MHTeJUIEKTa Ha nepuof 1o 2030 roga (pep. ot 15.02.2024):
yrBepxaeHa Ykasom [Ipesnnenta Poccuiickoit @epepannu ot 10 oktsi6pst 2019 1. Ne 490 «O pasBUTHUM UCKYCCTBEHHO-
ro nurennekTa B Poccuiickoit @eneparum» — URL: https://base.garant.ru/72838946/ (gara obpamenns: 15.02.2025).

8 Syntelly: mcKyccTBEHHBIN MHTE/UIEKT Ji/I aHaMu3a 1 00paboTky HayyHbIxX faHHBIX. URL: http://syntelly.ru/ (zara

obparenns: 15.02.2025).
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BOJJHOII cpefpl). B cnydyae Hammumsa skcmepu-
MEHTa/JIbHBIX JAaHHBIX IUTaTdopMa UX OTOOpa-
JKaeT, MHaYe — UCNONb3yTcA pe3ynbraThl QSAR
Mmopeneil. PopManbHO, MOAENN, VMIIIEMEHTH-
poBaHHbIe B IIaTdopMe, MO3BOMAIOT IIPefCKa-
3aTh yKas3aHHbIe IapaMeTphl /s n11000i opra-
HMYECKOJ MOJIEKY/IbI PV HaIN4YMM TpebyeMbIX
CTPYKTYPHBIX HaHHbIX. OZHAKO, YTOOBI y4ecThb
BO3MO>KHBIE pa3Inuns MpefcKa3aTeTbHON MOII-
HOCTU MOjienell [i/Ii PasHBIX K/IacCOB COefu-
HEHMII, [ KaXX[JOTOo IapaMeTpa YKasbIBaeTcsd
TOYHOCTDb TpeJCKa3aHUsA, pacCUUTaHHAA [id
KOHKPEeTHOTO coefjiHeHus [59].

ITockonbKy TOYHOe OIpefeneHMe KOHIICH-

KOJIMYECTBO PACXOXAEeHMII, TO Heobxoguma
OlLleHKa BCeX MMKOTOKCHHOB OJHOTO rpuba 1o
pasHBIM IOKasaTeasAM. TakK KakK IIJIECHEBBIN
rpub Albifimbria verrucaria sBHsgeTCsA TaTo-
TeHOM, CIIOCOOHBIM MHQUIIMPOBATH IIMPOKUIL
CIIEKTp PaCTEeHMIT, BKI0YasA Ba>KHbIE CETbCKO-
XO03A/ICTBEHHbIEe KYIbTYpPbI, TaKle KaK OBOLIM,
JleKOpaTMBHbIE PAacTeHNsdA, a BbIpabaTbIBaeMble
UM TPUXOTELIEHOBble MUKOTOKCHHBI OOTafjaloT
BBICOKMM TOKCUTEHHBIM IIOTEHIIMAJIOM, He YCTY-
napimuM apnaTokcuHy Br n G u B oTHOmeEHNN
CeNbCKOXO3AMCTBEHHBIX )XMBOTHBIX (O 4eM ro-
BOPMJIOCH BBIIle), IMOABUJICS MHTEpPeC UX aHa-
N33 ¥ IPOTHO3MPOBAHM A TOKCUIHOCTH [65, 66].

TpaHI/II/I MUNKOTOKCMHOB, Bpra6aTbIBaeMI)IX B ma6ﬂuue 1 HpeI[CTaB}IeHbI MUKOTOKCIHDbI
MJIeECHEBBIMU TpUbaMM, COMEPKUT OONblIoe MaHHOTO rpmba, paHKMPOBAHHBIE MO MOKa3a-
Ta6bnuua 1 - MukomokcuHeli Albifimbria verrucaria (paH»xupoeaHHble no nokasamerto
«Mouse oral LD, (mg/kg)»)

Table 1. Mycotoxins of Albifimbria verrucaria (ranked by "Mouse oral LD, (mg/kg)")

o LD,, (Mbiwws, LD, (mbiuue, LD, (kpeica, dKkcnepu-

2 MHTpanepuTo- Mepuop,
nepopasbHo, nepopasbHo, MeHTaJibHble
n/n/ N . HeasbHO, Mr/Kr) / noslyBbiBE€A,EeHUA Y
o | Albifimbria verrucaria Mmr/kr) / Mmr/kr) / 3HaveHus /
2 LD LD, (mouse, yesoBeka / .
(mouse, oral, L 500 LD, (rat, oral, . Experimental
no £0 ) intraperitoneal, S?n /kg) Half-life in humans values
8/K8, mg/kg) 8/KS,
1 Diacetoxyscirpenol* 7,3 7,8 8,34 Huskuin / Low
2 Roridin A 9 0,5 91,5 Huskuin / Low
3 Roridin L 29,4 6,93 17,9 Bbicokuit / High -
4 Verrucarin M 33 8,02 8,3 Bbicokuit / High -
5 Roridin M 42,3 7,12 12 Bbicokuit / High +/-*
6 Verrucarin A 43,7 0,5 46,7 Husknii / Low +
7 Verrucarin B 46,6 13,5 60,3 Hwuskuii / Low +
8 Roridin K acetate 48,3 11,1 13,6 Bbicokuit / High -
9 Roridin E Acetate 48,8 13,4 62,8 Bbicokuit / High -
10 Isororidin-E 52,6 9,67 59,9 Bbicokuit / High -
11 Roridin E 55 10 59,9 Bbicokuit / High +
12 Trichoverrin B 61,9 21,8 68,8 Hwuskuir / Low +/-*
13 Verrucarin J 62,8 7,77 477 Bbicokuin / High +
14 Trichoverrin C 65,4 22,1 63,3 Hwuskuir / Low -—
15 8-Acetylneosolaniol 71,8 34 4,31 Hwuzkuit / Low
16 Anguidin? 109 82,3 8,34 Hwuskuii / Low
17 Trichoverrol B 118 92,6 183 Husknii / Low -
18 Verrucarin E 564 327 2410 Hwuskuii / Low +/-*
19 7-Hydroxy-3- 1160 337 3700 Huskuit / Low -
methoxyviridicatin
MpumeyaHue.
*+/- - 6blaU NposedeHbl IKCnepuMeHmMasbHble UCC/e008aHUSs N0 OMHOWEHUI K ONyX0/1e8bIM K/eMKaM.
1 - SMILES: CC(=0)OC[C@]12CCC(C)=C[C@H]10[C@@H]1[C@H](O)[C@@H](OC(C)=0)[C@@]2 (C)[C@]12CO2.
2 - SMILES: CC(=0)OC[C@]12CCC(C)=C[C@H]10[C@@H]1[C@H](O)[C@@H](OC(C)=0)[Ce®]2 (C)[C@@]12CO2.
Tabauua cocmasneHa asmopamu Ha 0CHo8e PAaccYUMAHHbIX 8 pabome hapamempos MoKcuyHocmu u daHHbix aumepamypbl (PubChem.
National Center for Biotechnology Information, U.S. National Library of Medicine. URL: http://pubchem.ncbi.nlm.nih.gov/; dama
obpaweHus: 15.02.2025)
Note.
*+/- - experimental studies were conducted in relation to tumor cells.
1 - SMILES: CC(=0)OC[C@]12CCC(C)=C[C@H]10[C@@H]1[C@H](O)[C@@H](OC(C)=0)[C@@]2 (C)[C@]12CO2.
2 - SMILES: CC(=0)OC[C@]12CCC(C)=C[C@H]10[C@@H]1[C@H](O)[C@@H](OC(C)=0)[C@@]2 (C)[C@@]12CO2.
The table is composed by the authors on the base of calculated toxicity parameters in this work and data from literature (PubChem. National
Center for Biotechnology Information, U.S. National Library of Medicine. URL: http://pubchem.ncbi.nlm.nih.gov/; date: 15.02.2025)
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Temo «Mouse oral LD, (mg/kg)». Ilpornosu-
poBaHMe mapaMeTpPoB OBbIIO BBIIOTHEHO C IO-
MOIbI0 XeMOMH(POPMATUYECKON TIATHOPMBI
CHUHTENIN C UCIONb30BAaHMEM MHOTO3aJauHBIX
METOJ0OB MAUIMHHOTO O00y4YeHUs u3 paboT
D.O. Shkil ¢ coasT. u S. Sosnin ¢ coasT. [59, 60,
64]. Ha ocHOBe CTPYKTYpHBIX IIapaMeTpPOB NC-
ClleflyeMbIX MOJIEKY] OBIIM pacCYMTaHbl Ia-
paMeTppl /s OLEHKM TOKCUKOMTOTMYECKUX
CBOJICTB MUKOTOKCMHOB: LD, Ha Mblmax me-
popanbpro (RMSE=0,45(logl0(mg/kg)) u muTpa-
neputoneanbHo (RMSE = 0,49(1ogl0(mg/kg)),
kppicax (RMSE = 0,62 (loglO(mg/kg)), me-
puop TOnyBbIBefeHMs y denoBeka (Human
Pharmacological Half-life) (ROC AUC = 0,89).
I'pu6 nmpopyuyupyer okono 19 OCHOBHBIX MUKO-
TOKCUHOB, OJJHAKO 9KCIIepMMEHTaTbHbIe JaHHbIE
0 TOKCUMYHOCTM JOCTYIIHBI TOJABKO AN 8 U3
HuX’. [I7151 Tpex Apyrux MUKOTOKCHHOB (Ne 5, 12,
18) nMer0TCA JaHHBbIE TIO TPOBEIEeHHBIM MCCTIe-
NOBAHUA in Vitro Ha OIyXOJIEBBIX KJIETKAX, HO UX
TOKCUKOJIOTMYeCK/e TapaMeTpbl aBTOpaMm He
6BIIM IpecTaBIeHsl [67, 68].

AHanus TpPOrHO3MPYEMBIX IIOKasaTeseit,
Ipe/iCTaB/lIeHHBIX B mabnuuye 1, [eMOHCTPUPYET,
4TO OKONMO 50 % MMKOTOKCMHOB, IIPOAYLUPY-
eMBIX MCCIe[lyeMbIM IIECHEBBIM TI'pPUOOM, OT-
Hocarca X I u II xmaccam omacuoctu®. Jlna se-
mecTB | K/acca omacHOCTHM, NMpegHa3HaYeHHbIX

JUIsL IEpOpabHOrO BBemeHus, LD, cocrapiser
0-5 mr/kr, gna BemecTB Il kmacca omacHOCTHU
3TOT MOKa3aTeNlb Bapbupyerca oT 5 B0 50 MI/KT.
ITO CBUJIETENIBCTBYET O BBHICOKON CTEIeH!U TOK-
CUYHOCTM J[IaHHBIX COEMHEHMII U IOJg4YepKU-
BAaeT 3HAYMTE/IbHBIN PUCK UX HETAaTUBHOIO BO3-
HeJICTBUA Ha 3TOPOBbe YeloBeKa U KMBOTHBIX.

Taxxxe cTOUT 0OPaTUTH BHUMaHUE, 9YTO 6OJIb-
IIMHCTBO MUKOTOKCHHOB JaHHOTO BUAa rpuba
XapaKTepU3YyITCA [IUTENbHBIM IEPUOJOM IIO-
TyBBIBEIE€HNMA U3 OPTaHM3Ma, YTO CBUAETENb-
CTBYeT O TIPOJIOHTMPOBAHHOM TOKCHYECKOM
BO3feiicTBYUU. [JaHHBIN paKT yKaspIBaeT Ha CIO-
COOHOCTD TaHHBIX COeAMHEHMIT K KyMY/IALUY B
OpTaHM3Me U JAUTETbHOMY COXPaHEHUIO TOKCH-
4eCKOro noTeHI[1ana.

Mukorokcuu Aflatoxin Bi sBasercs xo-
POIIO M3Y4YEeHHBIM ¥ CTPOro KOHTPOIUPYEMBIM
FDA coemuHeHMeM, TOT[Ia KaK JaHHbIE O TOKCU-
Konorndyeckom nmpoduie Roridin L B OTKpBITHIX
UCTOYHMKAX OTCYTCTBYIOT. OfHAKO NIPOTHO3U-
pyeMble C IOMOIIPI0 MHOT033/JayHOTO MaIlMH-
HOTO 00y4eHN A IOKa3aTeN TOKCMYHOCTY MOJIe-
kynbl Roridin L comocTaBuMBI ¢ moKasaTensiMu
KoHTponupyemoro mukorokcuHa Aflatoxin Bi
(pucymrox 2).

Ha mnpumepe cpaBHUTEIbHOTO aHanu3a
MOXXHO OTMETUTb, YTO 3HayeHme LD  mpu mn-
TpalepUTOHea7TbHOM BBEJE€HMM MBI [JId

PucyHok 2 - CpasHeHue nokazameseli mokcuuHocmu mukomokcuHose Roridin L u Aflatoxin Bi. [Tokazamenu 6e3 nomemku
«EXP» 6blAU paccuumaHbl ¢ NOMOWbI0 MHO203d0AYH020 MAWUHHO20 06YYeHUsl, 3KchepuMeHmMasbHble OaHHble (noMeyeHbl
«EXP») 835mbl u3 aumepamypsl (pUcCyHoK nod20moesieH asmopamu)

Figure 2: Comparison of the toxicity indices of mycotoxins Roridin L and Aflatoxin Bi. The parameters were calculated by
multitask machine learning except those marked by “EXP” which were taken from literature (the figure is compiled by the
authors)

° PubChem. National Center for Biotechnology Information, U.S. National Library of Medicine. PubChem CID
100243. URL: https://pubchem.ncbi.nlm.nih.gov/compound/100243#section=Biological-Test-Resultsfullscreen=true
(mara obparenust: 15.02.2025).

10 International Labour Organization (ILO). Occupational Safety and Health: Globally Harmonized System of
Classification and Labelling of Chemicals (GHS). URL: https://webapps.ilo.org/static/english/protection/safework/
ghs/ghsfinal/ghsc05.pdf (zata obpamenns: 15.02.2025).
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Roridin L gemoHcTpupyet 60/1€e BBICOKMII YpoO-
BeHb €ro TOKCMYHOCTY IO CPABHEHUIO C IKCIIe-
pumenTtanbubiMu maHHbIMU A Aflatoxin Bi.
[Tpu sTom npenckasaHHbiii mokasarens LD, npu
MOJKOXHOM BBemeHUM Mbimum ansg Roridin L
okaspiBaeTcsA B 20 pas Hinke, yeM y Aflatoxin B:
(olleHKa HaJeXHOCTU MPOTHO3UPOBAHUS [
o6oux cny4aeB JOCTaTO4HO Bbicoka [60]). O6a
coenyHeHMs 110 3G HEeKTUBHBIM J03aM IIPK ITePO-
panbHOM BBeJeHUU TabOPaTOPHBIM >XUBOTHBIM
oTHOCcATCcA Ko II kmaccy omacHOCTH, 4TO TaKxe
MofYepKMBaeT UX 3HAYUTEIbHYI0 TOKCMYHOCTD.
9TOo yKa3pIBaeT Ha BaXHOCTb Oolee cepbe3HOT0
MOHMTOPMHTIA ¥ KOHTPOJS He TONBKO adIaTok-
CHHOB B OKpY’Kalolllell cpefie, HO U JPYTUX MMU-
KOTOKCUHOB.

XoTsa comep>xaHue MaKpOUKINYECKUX TPU-
XOTeI|eHOB, BK/II0Yas POPUANHEI, B CEIbCKOXO-
35/ICTBEHHBIX KYJIbTypaX OOBIYHO HEBENINKO, NX
KOHTPOJIb OCTAeTCsI Ba)KHBIM acIeKToM obecrre-
YeHUs MUIIeBOi Oe3omacHOCTH. Tak, B OMHOM
U3 UCCIeOBaHNII 00Pa3IlOB AYMEHs CYMMapHoe
coslep)kaHne MaKpPOIMKINYECKNX TPUXOTe-
menos (Satratoxin G — 101 Mkr/xr, Satratoxin F —
40 mkr/xr, Roridin E — 24 mxr/kr u Verrucarin J —
18 MKI/KT) cocTaBmio 183 MKI/KT B 9KBUBAJI€HTE
Roridin A [69]. AmanornyHas cutyanusa HabmIo-
naetcs ¢ T-2 TOKCMHOM, KOTOPBIiT, HeCMOTPS Ha
IMamnas3oH KoHIeHTpanuii 10-170 MKI/KT, cTpOTO
perynupyercs FDA n3-3a BbICOKOJ TOKCMYHOCTHI
(LD, 3,8 Mr/kr mepopanbuo''). ITOT Hpumep Jie-
MOHCTPUPYeT, YTO Ha)ke MUKOTOKCUHBI, OOHa-
py’X1uBaeMble B He3HAUMTENIbHBIX KONINYECTBAX,
MOTYT IpPeACTaBIATb CEPbEe3HYI0 YIpPO3y, 4YTO
MO/ TBEPXKJaeT HeOOXOAMMOCTb UX CUCTEMATHU-
YeCKOTO MOHUTOPUHTA.

IlokasaTebHBIM IPUMEPOM 3HAUYUTENbHOI
BapnabenbHOCTU CONEpP)KAHUS MMUKOTOKCUHOB
asnserca mesokcumuusanenon (JOH), xoHmen-
Tpanuy KOTOPOTO B 3¢PHOBBIX MOTYT OT/INYATbCS
6onee yem B 1000 pa3 — ot 20 10 24 THIC. MKI/KT.
Takoit KomoccanpHBII pasdpoc 3HAYeHUit [e-
MOHCTPUPYET, HACKOIbKO CUIbBHO YC/IOBUSA
IpoM3pacTaHus, XpaHeHNUs M aHaIN3a MOLYT
BT HAa KOHEYHbIE MMOKasarenu [69].

OpHako TOYHOE oIlpejielieHNe COfepKaHUA
MUKOTOKCUHOB OC/TOXXHSIETCS He TOJNBKO BBI-
COKOIl BapuabenbHOCTBIO X KOHIIEHTPAINiL, HO
U CYIIeCTBEHHBIMU Pa3INuMAMU B 3aBUCUMOCTHU
OT PeruoHa, yCIOBUI BBIPAIIMBAHMA M XPaHEHN A
[70-72]. Hanpumep, nmpu HIpOBeSeHUU UCCIIe-
mosaHuit B CIIIA 6b1I0 MOKa3aHO, YTO YPOBHMU
3arpsA3HeHMs 3epHa MOTYT 3HAYUTEIbHO Koje-
6arbcs JaXke B Ipefenax OZHON HmapTuu. ITO

CBSI3aHO C HEOJHOPOJZHOCTBIO pacIpe/eneHns
MUKOTOKCVHOB B CBIpbe, a TaKXXe C MeTOJO0JIO-
TMYeCKMMU CTOXHOCTAMY UX aHanusa. Ilpoie-
Aypa TeCTUPOBAHMA BK/II0OYaeT MHOTOSTAIHBIN
npoiiecc: oT6op mpob, usmenbyeHue, BbI/IeNeHIE
HOABBIOOPKY, SKCTPAKLMIO ¥ KOMUYECTBEHHOE
onpenenenne. Kakaplit 9Tanm BHOCUT IIOTpeII-
HOCTb, YTO Je/laeT HEBO3MOXXHBIM a0CONIOTHO
TOYHOE YCTaHOBJIEHEe KOHIIEHTPAI UM TOKCMHOB
B HapTUML.

Kpome Toro, msMeHeHue KIMMaTHYECKNUX
yCIOBMIT yCYI'yOnsieT PUCKMU, CBA3aHHBIE C MIU-
KoTokcuHamu [5]. IloBblmieHMe TeMIepaTyphl,
BlaxHOCTU 1 KoHueHTpanun CO, B atmocdepe
CIIOCOOCTBYET pacCHpPOCTPAHEHNIO TOKCUTEHHBIX
rpuboB, BKI4Yasa Stachybotrys spp., KOTOpble
HPOAYLMPYIOT MaKPOLUKINYECKNE TPUXOTe-
1eHbl. DT Tprbbl 0COOEHHO aKTUBHBI IPU Xpa-
HEHNM 3epHa, YTO YBeIMYMBAET BEPOSATHOCTH
HAKOIIJIEHUSI TOKCMHOB B IIPOJOBOTbCTBEHHOM
cpipbe [69]. YunThiBas, 4YTO MUKOTOKCUHBI yKe
IpPU3HAHBI OfHOJ M3 KJIIYEBBIX yIpo3 HPOHO-
BO/IBCTBEHHON  6€30MacHOCTM, PeaKTUBHBII
HOAXOJ, K X KOHTPOJII0 HE[OMYCTHM.

Takum o0O6pa3oM, HeCMOTpPs Ha TeKyljue
HU3KMe YPOBHM ITOKa3aTeslell 3arpsi3HeHU I, TIpe-
BEHTUBHBII MOHUTOPUHT POPUAMHOB U JPYIUX
MaKpPOLMK/INYECKUX TPUXOTELEHOB SIBISETCS
HeOOXOMMBIM /ISl IPeAYIPeK/JeHNU s BCIbIIIEK
3apakeHusi. IlaccuBHOe OXXUaHUe BCIIBILIEK
MIUKOTOKCHKO30B HeceT B cebe HeOIpaBIaHHbIE
PUCKU [/151 3I0POBBsI MOTPeOUTENEl, B TO BpeMsI
KaK paHHee BbIsSIBI€HME Y KOHTPOJIb 9TUX COeIU-
HEHMUIT MO3BOMAT MUHUMU3UPOBATH MOTEHIM-
aJIBHYIO ONTACHOCTD 1 00€CIeYNTh YCTONIMBOCTD
arpoInpofOBONIbCTBEHHBIX CUCTEM B YCIOBUAX
MeHSIOIeTrocs KIuMara.

KnroueBas mpobmema - OTCYyTCTBUE CTpa-
TeTMM NPUOPUTE3ALNUM COEAMHEHMIT B YCIIO-
BUSIX OSKCIIOHEHIMA/TbHOTO POCTAa J[AaHHBIX O
MOTEHI[MaIbHO OINACHBIX BeleCTBaX ¥ [JOpO-
TOBM3HBI IOMTHOLEHHBIX 9KCIePUMEHTATbHBIX
uccnegoBauuii. CoBpeMeHHas perynisTOpHas
cucreMa QOKYCUPYeTCss Ha MUKOTOKCHHAX, Ybs
OIIACHOCTb  HOATBEpPXKJeHa  AeCATUIETUAMU
9KCIIEPUMEHTAIbHBIX UccaefoBanmit. OmgHaKo
TaKOJ IOAXOJ B COBPEMEHHBIX YCIOBUAX Tpe-
OyeT KOIOCCATbHBIX PECYpCOB: iN VivOo TeCThI
Ha JKMBOTHBIX 3aHMMAaIOT MeCSAIbl, a SINJe-
MUOIOTHYECKIe WUCCIefoBaHus — rompl. 1loa-
TOMY TaKme coeguHeHMs, kak Roridin L, ocra-
I0TCSI «B TEHM», HECMOTPs Ha MX OIACHOCTH
IS 4e/loBeKa M >KMBOTHBIX. be3 NMpOrHO3HBIX
UHCTPYMEHTOB Ha OCHOBE MAUIMHHOTO 00y-

" PubChem. National Center for Biotechnology Information, U.S. National Library of Medicine. URL:
https://pubchem.ncbi.nlm.nih.gov/compound/5284461#section=Acute-Effects&fullscreen=true (zara obpamenmns:

15.02.2025).
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YeHI s peryasATOpHble OPTaHbl He CMOTYT OIlepa-
TUBHO BBIJE/IATh NPUOPUTETHbIE MUIIEHU [
MCCIeTOBAHUIA.

Meroabl XeMOMHGOPMATUKN ¥ MAIIMHHOTO
00y4YeHMs MO3BOJISIOT aHATU3NPOBATD OOIbIIIE
MaCCUBBI JAaHHBIX (CTPYKTYpHbIe (OPMYIIBI, pe-
3y/IBTaThl TOKCUKO/NIOTMYECKUX TECTOB U Jp.) U
IPOrHO3MPOBAaTh TOKCMYHOCTDL JakKe A Ma-
JION3Y4YEeHHbIX coefiuHeHMil. Ha ocHoBe Hamiero
HMJIOTHOTO MCCAEeJOBAaHUS, €CTb OCHOBAaHMUA
rojsaraThb, 4TO in silico MeTObl MOXKHO MCIIO/Nb-
30BaTh /I PAaHXXUPOBAHMA MMKOTOKCUHOB IIO
YPOBHIO pUCKa.

Takum 06pa3oM, make IpU OrpaHMYEHHBIX
BPEMEHHBIX U1 MaTepUaIbHBIX pecypcax MOXXHO
cPOKyCHMpPOBATHCA Ha CAMBIX ONACHBIX COeJIMHE-
HUAX, UCIIONIb3YA C/IefyIollyie KpUTepUuu:

1) bicokuti puck: MUKOTOKCUHBI C IIPOTHO3U-
PyeMoil BBICOKOJ TOKCMYHOCTDBIO 17151 >)KUBOTHBIX
(1 Ha MIOAAX) + OXKMIaeMoe YacToe 3arpsA3HeHne
0a30BBIX NPOAYKTOB U BBICOKAs PacHpoCTpa-
HEHHOCTD;

2) cpedHuti puck: COeHEHN C IPOTHO3UPY-
eMOi1 CpefHell TOKCMYHOCTHIO, HO C HEOOTBIIIOIT
BEPOATHOCTBIO OOHAPY>KEHU A B MNIIIE;

3) HuU3Kkuti puck: TOKCMYHOCTb OXMAeTCA
TOJIPKO IIPY BBICOKMX KOHILEHTPALMAX; BEPOAT-
HOCTD 3apa’kKeHNs MU MaJja.

Tak Kak KOMOMHALMA 3KCIIEPUMEHTATbHBIX
U IPeACKa3saHHBIX HAHHBIX II0 TOKCUYHOCTHU
(cM. mabnuyy 1 m pucyHok 2) TpUCBaUBaeT
Roridin L BbICOKMIT «pUCKOBBIN 6amm» B CTPyK-
TYPHOII 6IM30CTY 9TOTO BElLleCTBA K U3y YEHHBIM
TOKCUYHBIM TPUXOTelleHaM, 3TO COelMHEeHNe
TpebyeT majbHENINX MCCIeJOBAHNI C UCHOb-
30BaHUEM He TOJbKO BBIUNMCINTENBHBIX, HO U
3KCIIePUMEHTA/IbHbIX METO/IOB.

Hamu npepnmaraerca B OyaylieM Ipef-
HPUHATH CIeAyIoljie KOHKpeTHble INaryu M
Roridin L, koTOpble MOKHO 3KCTPANONNpPOBATh
1A APYTUX IPOTHO3MPYEMO OIACHBIX MUKOTOK-
CUHOB, BBIABNISEMBIX C IIOMOIIbIO XeMOMH(pOP-
MaTHYeCKMX METO/IOB.

ITpexxme yeM BBOZUTD perynsiTOpHbBIE MepHI,
HeoOXOIMMO SKCIePUMEHTA/TbHO IOATBEPAUTH
BBICOKYI0 TOKCMYHOCTb. DTAIlbl MOT'yT BK/II0YATh
B ce0s:

- Merabonomuky in silico: mpeackasaHue
metabonutoB Roridin L u nx B3auMmoneicTBus
C denoBedeckuMu ¢epMmeHTaMu (mpepBapu-
TebHBIN 3TaIl);

- TeCTHI in Vitro:

a) OIleHKAa IMTOTOKCMYHOCTY Ha KJIE€TOYHBIX
MUHUAX NTIe4eHU U [0YeK;

0) aHann3 MHTMOMPOBAHNS CUHTe3a OelKa B
numdponnTax;

- SKCIEPUMEHTHI Ha XMBOTHBIX:

a) IpoBefieH)e OCTPhIX TOKCUKOMIOTMYECKIX
TeCTOB Ha IA0OPATOPHBIX MBILIAX: OIpeJie/IeHIe

LD, mpu omHokpaTHoM BBefleHun Roridin L
HepopanbHO MM BHYTPUOPIOMIMHHO U HaOIIIO-
fleHMe 3a CUMITOMaMu (IOTepst MacChl, FeMaTo-
JIOTMYeCKMe M3MEHEHUs [IelIKOIeHus], IUcTo-
MATOJIOTU A TIeYeHN U CeNe3eHKN);

0) ompegeneHre CyOXpOHMYECKOTO BO3-
[eiicTBUA: BBefleHMe JaOOpaTOPHBIM KpbICaM
Roridin L B TeyeHme 28 CyTOK ¢ KOPMOM s
BBISIBJIEHVSI TeNaTOTOKCUYHOCTH (ypoBeHb ALT,
AST) m ummyHocynmpeccun (cHmXeHue IgA B
CBIBOPOTKE KPOBI);

B) OIIpefie/ieHNe TEeHOTOKCUMYHOCTM: TeCT
JHK-xomeT B KjIeTKax KOCTHOTO MO3ra TI'pbI-
3YHOB [/1s BbIABIeHus nospexgennii JHK.

Cnumcok nccnefoBaHnil MOXXHO IIPOOKUTH
Iocjie NpPOBeleHNA NpeABapUTENIbHbIX 3TaIlOB
Ha OCHOBE IIOJTyYeHHBIX JaHHBIX.

BriBoab1

IIpoBemeHHbIT aHATN3 MUKOTOKCUHOB, IIPO-
nyuupyembix rpubom Albifimbria verrucaria,
BBISIBUJI, YTO 3HAYUTENbHAsl UX YaCTh OCTAETCA
BHE 30HBI KOHTPOJsS, HECMOTPS Ha MOTEHIIU-
QTBHYI0 OMACHOCTD M PUCKY JJIsI )KUBBIX Opra-
HI3MOB.

ITporHo3MpoBaHMe TOKCUYHOCTU XUMUYe-
CKUX COeJMHEHNIT — KPUTUYECKNI ITATI B OL[eHKe
6e30macHOCTM Bel[ecTB. TpajuIMOHHbIE Me-
TOJIbI, TaKMe KaK 9KCIIEPUMEHTHI Ha XMBOTHBIX,
3aTPaTHBI, ITUYECKN CIIOPHBI ¥ 3AHMMAIOT TOMBI
Ha uccnenoBanus. Vicronb3oBaHe MallMHHOTO
obyueHusl MpefCTaBseT PasyMHYI0 albTepHa-
TUBY, KOTOpasl COKpalljaeT BpeMs U 3aTPaThl, HO
TpeOyeT pelleHus NpoOrIeM HEOJHOPOXHOCTYU
JaHHBIX, YIYYIIeHUs KadyecTBa MOjeseil M Me-
KAVCUUIIMHAPHON IOATOTOBKM TpebyeMoro
KO/INYeCTBa CIIEIMANNCTOB B 061aCTU XeMOMH-
$bopMaTUKY ¥ BBIYMCIUTETBHOI TOKCUKOTOT UM,

Takne mMepbl MO3BOMAT GO/Tee TOYHO OLEHU-
BaTh PUCKM, CBSI3aHHBIE C BO3JENCTBMEM TOK-
CUYHBIX BellleCTB Ha 3JI0POBbeE YeT0BeKa ¥ 9KOCH-
cTeMbl. ViccnenoBaHye MOgYepKUBaeT BaXKHOCTD
KOMIIZIEKCHOTO ITOX0/a K OLleHKEe TOKCUKOIOI -
YeCKMX PUCKOB ¥ yKa3bIBaeT Ha HEOOXOMMOCTh
[abHENMIINX HAYYHBIX M3BICKAHUI B JaHHOI 00-
JIACTY J/IsI TOBBIIIEHNST YPOBHS 0€30IMaCHOCTM.
Vicnonp3oBaHme MeTOJAOB XeMOMH(OpMaTUKU
OTKPbIBAaeT MEePCIEKTUBBI /Il BbISBIEHUS MIPU-
OPUTETHBIX COEAVHEHMI, TpeOyoIIux yIay-
6/IeHHOTO M3y4YeHUs CHelMaancTaMu B 061acTu
TOKCUKOJIOTUY VI MUKOIOTUH.

AKTUBHOE MCIIONb30BaHME MMEKILErocs
0TeYeCTBEHHOTO Hay4YHO-TeXHOTOTMYeCKOTO
IMOTEeHIMala B 06aCTU BBIYMCIUTENDBHON TOK-
CUKOJIOTMY IO3BOJIUT YMEHBIIUTb BPeMEeHHbBIE
U JIeHe)XHbIe 3aTPAThl Ha MCCIETOBAHUS HOBBIX
VIV MAajJOM3yYEeHHBIX BeIeCTB: OIEHUTb MX
$usuKO-XMMMYECKNe  CBOWCTBA,  IMOTEHIM-
a7IbHOE BO3JIEICTBME HAa OKPY>KAIOIIYI0 Cpexy,
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CHPOTHO3MPOBATh TOKCUYHOCTD, Ouonormye-
CKYI0 aKTMBHOCTb M OPraHOCHENU(PUIHOCTD,
npeaBuieTb 0e30MaCHOCTb WCIONb30BAaHUS B
61OTEXHOTOTU M.

B cooTBeTcTBUM C TpeATOKEeHHBIMU KpU-
TepUsIMU, MBI cuuTaeM, 4To, Roridin L gomxken
OBITb OTHEeCEH K BBICOKOMY PUCKY, Jake ecan
TeKyllue dKCIIepMMeHTalbHble JaHHble CKYIHBbI,
TaK KaK Ha/JIM4eCcTByeT:

a) ero CTPYKTypHOE CXOACTBO C MUMMYHOTOK-
CUYHBIMU TPUXOTELleHAMU;

6) IporHO3MpyeMble BBICOKVIE 3HaUYeHMe TOK-
CUYHOCT;

B) BBICOKasI CKOPOCTb PaCIIPOCTPaHEHMS.

Iloka Mgy T JOMOMHUTENbHBIE UCCTIENOBAHNA,
peryniATopHble OpTaHbl MOTYT:

1) yCTaHOBUTD IpeiBapUTeIbHbIE IIPejeIbHO
momycTuMble KOHIeHTpauuu ana Roridin L B
3epHe (Hampumep, 50 MKI/KT [0 aHAJTOTUMK C He-
KOTOPBIMM TPUXOTEI[€HAMMU);

2) Bkiaouuth Roridin L B mporpammbr Mo-
HUTOPMHTA, VICTIONb3yA aHATUTUYECKIE METOJbI
JKUAKOCTHOI XpoMaTtorpadum m Macc-cuekTpo-
MeTpUM;

3) paspaborarp mupoxopoctynuse ITIIP-
TECTBl [/ BBIABIEHUA NPOSYLUMPYIOLUNX €ro
rpu6os (B Tom uucne Albifimbria verrucaria) B
CeNIbX03MIPOJ YKL M.

IIpepnmaraemas wMHTerpanusa MaHIMHHOTO
00y4YeHNsA B TOKCUKO/IOTUIO MUKOTOKCHHOB — He
a7bTepHAaTNBA TPAJNUIMOHHBIM METOJAM JKCIIe-
PUMEHTAIbHOTO aHaIM3a, a CIocob cpenaTh ux
npuMeHeHue 6Gojee IleJleHapaBIeHHbIM U 3¢-
¢extuBHbIM. [I14 Roridin L aTo 03HauaerT: Bann-
TaLWIo IPOTHO30B Yepe3 9KCIIePUMEHTBI in Vitro
U in vivo, BO3MOXXHOE YCTaHOBJIEHVE BPEMEHHbIX
HOPMAaTUBOB M YycujaeHue MoHMTOpuHra. Op-
HAaKO KIIoueBas 3afadya — pas3BUBasA MAEN U3
paborsl crnenmanucros «27 Hay4yHoro meHTpa
nMenun akamemuka H.JI. 3enmuckoro» MuHu-
crepctBa o6oponbl Poccuiickoit Pemepanun
[58], - co3marp TIIOOANBHYI  CHUCTEMY
HpUOPUTE3AUNY, TJe MeTOAbl XeMOWHGpOpMa-
TUKM OyAyT BBIIENATb COeAUHEHUs, Tpeby-
I0lllYie CPOYHOTO BHUMAaHUA. DTO IO3BOIUT HA
HOPAJOK COKPAaTUTb BpeMs MEXAY OTKPbITHEM
MMKOTOKCHMHA ¥ €r0 pery/l1MpoBaHMeM, cliacas
TBICAYY >KU3HEIL.

Ozpanuuenus uccnedosanus / Limitations of the study

B crarbe IpuBeieHbl Pe3y/IbTaThl IPOTHO3MPOBAHNSA TOKCUIHOCTI MUKOTOKCHHOB TPMXOTELEHOBOTO Psija
Albifimbria verrucaria ¢ UCTIO/Ib30BaHMeM XeMOMH(OPMATUKN U METOJOB BBIYMCIUTEIBHOI TOKCUKOMIOTUY, OC-
HOBAaHHBIX Ha MAIIMHHOM 00ydyeHuy. OrpaHMYeHMA UCCIeOBAHNA BbISBAHBI MOV JOCTYIIHOCTBIO Pelpe3eH-
TaTUBHBIX HAOOPOB 9KCIIePMMEeHTaIbHBIX JAHHBIX /IS 00y 4YeHUsA MOJe/Iell BbIYMCIUTeIbHOI TOKCUKOIOT UM, KO-
TOpbIe TPeOYIOT MOCTOAHHOTO OOHOBIEHN A 1 IOIIONHEHNA C Ie/IbI0 obeciedeHns 6oee TOYHBIX U JOCTOBEPHBIX
pesynbraTos / The article presents the results of toxicity prediction for trichothecene mycotoxins from Albifimbria
verrucaria using chemoinformatic and machine learning-based computational toxicology methods. The study’s
limitations stem from the limited availability of representative experimental datasets for training computational
toxicology models, which require continuous updating and expansion to ensure more accurate and reliable results.
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B.B. MaxHu6opopa™, A.A. lopaues, A.E. KpacHoB

®edepanvHoe zocyoapcmeeHHoe bro0xiemHoe yupexicdeHue «27 HayuHsili yeHmp umMeHU akademMuKka
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OcHOBHbIE MOMEHTDI

- B YCIOBUSX IPVMEHEHVs HaJbHOOOIIHOIO BBICOKOTOYHOTO OPYXWS M OGEeCIMIOTHMKOB COCPeJOTOYEHNMe 3apa-
JKEHHOUl TeXHMKM B PallOHaX M Ha IYHKTaX CIeIaNbHOM 06paboTKM BOMM3M MMHUM (POHTA HE HPEeNCTaBIACTCA
BO3MOYXHBIM;

- IepCreKTUBHbIe 6OPTOBBIE KOMIUIEKTBI M IPMOOPBI CIIelUaabHO 00pabOTKM FO/KHBL OOIafaTh 3HAYUTEIBHO
60s1b11Iel aBTOHOMHOCTBIO 1 IPOM3BOJAUTENBHOCTBIO, yeM umeromiyecs: (AIICO, BKCO, [IK-4), 1 no3BonsTh uM pa-
60TaTh HEIIOCPECTBEHHO Ha JIMHNUY 60€BOTO COIPUKOCHOBEHNSI.

Axmyanvrocmv. K 0CHOBHBIM Hef0CTaTKaM OOPTOBBIX KOMIUIEKTOB U IIPUOOPOB CllelIMaabHOI 06paboTKM OTHO-
CSATCST: HUSKUIL TeMII ClierjanpHolt o6padotku (0,5-1,0 M?/MuH), 6obiiiie 3aTparsl GU3NIECKOrO TPYAA IIPHU IIPOBe-
feHuy 06pabOTKIL, Y3KNII [IepeveHb IPYMEHIEMbIX PACTBOPOB (peLenTyp) 1 CIoCo60B CIelanbHoil 00paboTKy, a
TAaK)Ke OTCYTCTBYE BOZMOXKHOCTY CAHUTAPHOI 06pabOTKY (IMIMEeHNIeCKOI IOMBIBKI) 9KIIIaXKel T BOEHHO TeXHUKY
BHe IIYHKTOB CIEL[Ma/IbHOI (CAHUTAPHOIT) 06pabOTKIL.

Llenv pabomvr — omnpeneneHre BO3MOXXHBIX ITyTell HOBbIIIEHN 9()(DEKTUBHOCTY OOPTOBBIX TEXHIUYECKNUX CPEICTB
crierjuanbHoI 06paborku (TCCO) BoopyskeHust, BOeHHOIT u crenyanbHoit TexHuku (BBCT) mo ocHoBHOMY HasHa-
YEHNIO Y PACIIVPEHVIS UX (PYHKIVMOHATBHBIX BO3MOXKHOCTEI.

Hcmounukosas 6asa uccnedosanus. AHaMM3UPOBATNUCh OTKPBITBIE 3apyOeKHbIE M OT€UeCTBEHHbIE VICTOYHUKMY 10
paccMaTpuBaeMoit mpobieme.

Memod uccrne006anus. AHATUTIYECKIIIL.

O6bcyncoenue pe3ynvmamos. Pe3ynbraTbl aHaIM3a TAKTUKO-TeXHIYECKUX XapakTepuctuk 6oprosbsix TCCO BBCT,
COCTOAIMX Ha cHabkeHuM Boopyxennsix Cun Poccuiickoit ®enepanny, a Takke aHaJIOTMYHBIX CPEAICTB BEYIINX
3apyOeKHBIX CTPaH, CBUACTEIbCTBYIOT O HEOOXOMMOCTI MOAEPHM3AINN CYIIECTBYIOUINX MM Pa3paboTKU HOBOTO
(egmHOTrO) 6G0pTOBOrO MpHbOpPa (KOMIUIEKTA) CrelMaIbHOI 06pabOTKM, 00eCIeYNBAIOIIETO TOMTHYIO CIIEI[UATbHYI0
06paboTky 06bexToB BBCT BOZHBIMI, COTBBEHTHBIMY U [IEHHBIMI PELIENTYPaMI, @ TAKXKE CAHUTAPHYI0 06paboTKy
(ruruenndeckyro oMbIBKy) akunaxeit BBCT B TeTHee 1 oceHHe-BeCeHHee BpeMs.

3akmiouenue. IlepcrieKTUBHBIT 60PTOBOI KOMIUIEKT CrielinanbHOI 0b6pabotky o6bexToB BBCT memecoobpasHo
paspabaTbIBaTh IS MIPUMEHEHNS BOSHbIX Aera3upyOIiNX, [e3aKTUBYPYIOMNX 1 Ae3MHUIUPYIOLIX PAaCTBOPOB I
COJIbBEHTHBIX perenTyp. [ IprMeHeHNsl B COCTaBe MePCIEKTYBHOIO KOMIIIEKTA IIEHHBIX PELielITypP B €r0 COCTaB
Heo6X0IMMO BBECTHU XIIKOCTHOI HACOC, 0OecriednBaoNNil B XMAKOCTHOI CHCTeMe TaBlieHNe He MeHee 14 Krc/M%, u
BO3/IYILHO-IIEHHBII CTBOJI, PaCyeT reOMeTPUIECKIX TapaMeTPOB KOTOPOrO MOXKET ObITh IPOU3BE/eH C MCIIONb30Ba-
HIIEM TEOPUI pacdeTa CTPYIHBIX allIIapPaTOB.

Kniouesvie cnosa: 6opmosuvie mexHuueckue cpedcmea cneyuanvHoll 06pabomxu; deeazayus; 0e3akmueanus; 0e3uH-
exyusi; pacmeopol U peyentnypol 07 CneyuanvHoll 00pabomxu; canumapHas o6pabomra; cneyuanvHas obpabomea

Hna yumuposanus: Maxuubopooa B.B., Iopsaues A.A., Kpacnos A.E. Hayuno-mexHuueckue nymu pacuiuperus
PYHKUUOHATIbHBIX 603MOKCHOCHEL 60pMO6bIX NPUOOPO6 cneyuanvroli o6pabomxu. Becmnuk sotick PXB 3auumoL.
2025;9(1):74-91. EDN:ijtdlh.

https://doi.org/10.35825/2587-5728-2025-9-1-74-91

IIpospaunocmo dunarnco6oii OesmenvHOCHU: ABIOPYL He UMeIom PUHAHCOB0L 3AUHMNEPecOBAHHOCU 6 NPeOCas-
JIEHHBIX MAMEPUAAX UL Merooax.
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Highlights

- nowadays it is impossible to maintain contaminated vehicles and equipment in special decontamination centers near
the battle line due to far-ranging precision weapons and drones;

- promising on-board sets and special treatment devices should be more independent and powerful than previous ones
(IDTS, SST, DK-4) and be able to work directly at the lines of combat contact.

Relevance. The main shortcomings on-board special treatment sets and devices are low special treatment rate
(0,5-1,0 m*/min),considerable physical efforts during treatment, restricted list of used solvents (formulae) and ways
of special treatment, as well as lack of sanitizing for armaments and military and special purpose equipment beyond
special decontamination centers.

The purpose of the study is to find out possible ways to enhance the efficiency and improve functionality of on-board
special treatment devices employed for armaments and military and special purpose equipment and personnel
decontamination (sanitizing).

Study base sources. The authors have analyzed Russian and foreign open-source data on the topic in question.
Method. Analytical method has been employed.

Discussion. The analysis of key performance parameters for on-board special treatment devices, employed for armaments
and military and special purpose equipment that are operated by the Armed Forces of the Russian Federation and
its foreign counterparts has confirmed that either the existing special treatment sets should be improved or a new
(unified) on-board special treatment device (set) should be developed which can provide a full special treatment of
armaments and military and special purpose equipment with water-based, solvent and foam solutions as well as their
sanitizing in summer, autumn and spring.

Conclusions. It is worth to develop a promising on-board special treatment set for armaments and military and special
purpose equipment if degassing (decontaminating), deactivating, disinfecting solutions and solvents are going to be
used. If the foam formulae are going to be used, then a fluid pump should be integrated into the system. It should
be able to maintain pressure of at least 14 kgs/m2. Besides, a foam maker should be implemented, the geometrical
properties of which can defined with the help of jet blower design theory.

Keywords: deactivation; degassing (decontamination); disinfection; on-board special treatment devices; sanitizing;
special treatment; special treatment solvents and solutions

For citation: Mahniboroda V.V., Gorjachev A.A., Krasnov A.E. Scientific and Technical Tools for Enhancement of
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https://doi.org/10.35825/2587-5728-2025-9-1-74-91

Financial disclosure: The authors have no financial interests in the submitted materials or methods.

Conflict of interest statement: The authors declare no conflict of interest.

BecTHuK Borick PXbB 3awmtbl. 2025. Tom 9. N2 1

SdOOYL NOILD310dd D9N 40 SNVIN ANV SNOdVIM

[9LNTTMIVE 9Xd HOMN04 Va12T3dD N BUHIXKAIOO4d

75



BOOPY>XEHNA N CPEOCTBA BOUCK PXB 3ALLNTDI

76

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

MaxHu6opopga B.B., lopsayeB A.A., KpacHos A.E.
Mahniboroda V.V,, Gorjachev A.A., Krasnov A.E.

Funding: 27 Scientific Centre Named after Academician N.D. Zelinsky of the Ministry of Defence of the Russian

Federation (27 SC MD RF).

Received November 5, 2024. Revised January 28, 2025. Accepted March 27, 2025.

B nHacrosmee Bpems Mup OamaHCUpyeT Ha
ITpaHM IPUMEHEHNs OPYXUsS MacCOBOTO IIPU-
MeHeHyss (OMII). IlpomcxopsaT M3MeHEHUs B
xapakTepe, ¢GopMe M TEeXHOJOTUAX BeJeHMs
BOJTHBI. DKCIEePTHI MPeAIONATal0T pa3Hble Clie-
Hapuu pasBUTUS BOWH - OT OTPAaHUYEHHOTO
npumenenus OMII, fgo B3aMMHOIO YHUUTO-
JKeHMs MacCIITaOHBIMU yAapaMM SI€PHBIM OpY-
xuem [1]. IToroMy HeoOXOmMMO IIOCTOSHHOE
COBEPILEHCTBOBaHME PaJUallMOHHON, XMMMUYe-
ckoit u 6monorndeckoit (PXB) samuThl BOJICK B
1enoM U TexHU4Yeckux cpefcrs PXb samurer B
YaCTHOCTM — B 3aBUCUMMOCTM OT TeOIOIUTIYe-
CKIX M3MEHEHUIT U IPefiIoIaraeMoro XxapakTepa
60eBbIX geiicTBuil [2, 3].

PXb samura Boopyxennnix Cun Poccuii-
ckoit ®enepanuu (BC PP) opranusyerca u ocy-
IIEeCTBASAETCS B IIe/IAX OC/IA0/IeHI s BO3IECTBUSA
Ha COeJMHEHMs ¥ BOVHCKME YacTU IIopaka-
fomnx ¢pakropos OMII, paspymennit (aBapmuii)
PXBb omacHbIX OOBEKTOB, BBICOKOTOYHOILO U
APYIUX BUJOB OPY>XV s, HAHECEHV I IPOTUBHUKY
HOTepPb OTHEMETHO-3a)KUIaTe/IbHBIMU  Cpef-
crBamu [4]. lenu PXDB samurhl mocTUramTCsA
BBITIOTTHEHVEM Psjja 3afiay, OFHON U3 KOTOPBIX
aBnsgerca obOecmedyeHue 6e30MACHOCTU COEU-
HEHMII UM BOMHCKMX 4YacTell Ipu HEeNICTBUAX B
YCIOBMAX PAJMOAKTUBHOTO, XMMUYECKOTO M
O61O0IOTNYEeCKOTO 3apakeHus. B copepykaHue
yKa3aHHOI 3a/ja4yyl BXOAUT PN MePONpPUATUI
PXDB samutel, B TOM 4Yucie clienuanbHas obpa-
00TKa BOJICK U CaHUTapHasi 06paboTKa TNMIHOTO
cocTtaBa. [JaHHbIe MePONPUATHS BbIIOTHSIIOTCS
noppaspeneHuaAMu Bolick PXbB samuthel ¢ mo-
MOIIbI0 MamuH (KOMIIEKTOB) CIelUaabHOI
06paboTKM 00OBEKTOB BOOPY>KEHMNS, BOEHHOII
n crnenuanbHoit Texuuku (BBCT), mecTtHOCTH,
3MaHNil (COOpPY>KeHMI) M CaHUTapHON o0Opa-
OOTKM JIMYHOTO COCTAaBa, a TAKXKE CUTAMM IKU-
nakeil (pacyeToB) BOEHHOJ TEXHUKMU BUJIOB U
POIOB BOJICK € IOMOIIbI0 6OPTOBBIX MPUOOPOB
(komnnekToB). OCHOBHOIT 00BeM paboT 1Mo
CrenyaabHOl 00paboTKe B ClIy4yae MpUMEHEHM
HPOTUBHUKOM OPY>XUSI MacCOBOTO HOPa>KEeHM
OyJeT TpPOBOAMTBHCSA OOPTOBBIMM TeXHUUe-
CKMMU CpefCTBaMI CHelMaJbHON 00paboTKu
(TCCO) [5].

AHanus TOCHeNCTBUII IpUMEHEHUS XU-
MIYECKOTO OpPYXHUS B XOfe MpPaHO-MPaKCKO
BOiTHBI (1980-1988 rr.) mokasasn, 4YTO MpPaHCKUE
BoiicKa He Mornu 9GPeKTUBHO elICTBOBATh Ha
3apa’keHHOJ MIIPUTOM TeXHUKE B CpeJCcTBax
3amuTel. OCHOBHBIE MOTEPU OT OTPABISAIOLINX

Journal of NBC Protection Corps. 2025.V.9.No 1

Bemects (OB) oHYM HecnM 13-3a HEBO3MOXKHOCTH
IpPOBECTU CIIeIMATbHYI0 06pabOTKy Hemocpes-
CTBEHHO Ha JIMHUYU 00EBOTO COINPUKOCHOBEHMU S
(JIBC). BoenHocmy)kamue IBITalINCh OTMBITh
JNIO0 M PYKM BOZOI U3 YK, HO OHA OKa3anach
3arpA3HEeHHOi MHpuToM. IIONBITKM CMBITDH
VIPUT HeOONBIINMU KOTUYECTBAMYU BOABI IIPU-
BOAVUIM TOJMIBKO K €r0 Pa3MasbIBAaHUIO IO TeTy
U TIOTYYeHUIO TSKE/IBIX MOPaXKeHUIl KOXU PYK,
muua u rnas [6, 7]. [loatomy addexTuBHOCTD
CHenyaabHO 00pabOTKM HEIOCpPeACTBEHHO Ha
JIBC nmeeT upe3BbIYaiHO BaXKHOE 3HAYEHME J/I
coxpaHeHUs 60eCITOCOOHOCTH BOJICK.

Llenv pabomwvl — ompefeneHyue BO3MOXHBIX
nyTeil MoBbIeHNsT 9P PEKTUBHOCTH GOPTOBBIX
TCCO 1mo 0oCHOBHOMY Ha3HAa4eHMIO M PACIIN-
peHus ux GyHKIMOHATbHBIX BO3MOXHOCTEIL.

Mcmounukosas 6asa uccnedosanuil — aHa-
NTU3UPOBATNCH OTKpPBITBIE 3apyOeXHbIe U OTe-
YeCTBEHHbIe VICTOYHMKM IO pacCMaTpuBaeMoit
npobneMe.

Memoo uccnedosanus — aHaTUTUYECKUIL.

B xozme mpecTaBIeHHOTO UCCIIeIOBAHNUA pe-
IIAJIACD CIIelYIOIIyie 3aIadn:

- BBIABJIANCA TEXHUYECKUIl ypoBeHb Oop-
toBBIX TCCO cTpaH MOTEeHIMaTbHOTO IIPOTUB-
HIKa;

- aHA/IM3MPOBANNCh JOCTOMHCTBA UM HEJHO-
CTaTKM OTEYeCTBEHHBIX U 3apyOeXXHBIX CPEACTB
QHAJIOTMYHOTO Ha3HAYECHIS;

- ompefie/IANINCh HAaINlpaB/lIeHNUsA COBepIIeH-
CTBOBaHMUA oTedecTBeHHBbIX 60opTOBBIX TCCO.

Texnudyeckuit ypopeHb 6oproBeix TCCO
B apmmax crpan HATO. [ina mnpeporspa-
IMIeHNA UM YMeHbIIEeHNUs MOCNeACTBUIl MpuMe-
HeHnusa OMII paspaboraH M NPUHAT Ha CHa6-
KeHnne apmuit crpadn HATO psaj aBTOHOMHBIX
npuboOpoB M KOMIUIEKTOB, IpeflHa3HaYeHHBIX
IS pellleHMs 3aflad MO YACTUYHON U TIONTHON
crenyanpHoi obpaborke o6bekToB BBCT, a B
OTHENBHBIX CIy4YasgX ¥ A/l CAaHUTAPHON ob6pa-
OOTKM IMYHOTO COCTABA.

VtanpsaHcKMII ~ JerasalMOHHBINI  IpUOOP
SDS T155 mpepcraBnsier coboit LUIMHApPUYE-
CKMIT pe3epByap HeGONIBIINX pasMepoB, 060py-
TOBAHHBII pacnbInTeneM (pucyHoxk I).

[Ipu6op MHOTOpa3soBOro MCIOAb30BAHUA
V3TOTOBJIEH U3 HepKaBewlIllell CTalu, yCTONYNB
K XMMUYECKON KOPPO3UM ¥ MOXET XPaHUTbCSA
IINTEIbHOE BpeMs IIPY CHAPSXKEHUM eTo pelen-
typoit DS-2. CHapsikeHHBINI TpuOOP 3aKpenis-
eTcd Ha 06beKkTe 60eBOIl TeXHUKM C IMOMOIIbIO
crenyuanbHOTO KpoHmTeliHa. Penenrtypa DS-2
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PucyHok 1 - BHewHuli eud umanesHckozo Oezasauu-
O0HH020 hpubopa SDS T155 (pucyHok adanmupoeaH nho
mamepuanam catima. URL: https:/www.cbrhetechindex.
com/P/7407/Cristanini-Spa/SdsT155-mil; 0ama obpawe-
Hus: 15.06.2024)

Figure 1: Degassing unit SDS T155, made in Italy (the
figure is adapted from the webpage. URL: https:/www.
cbrhetechindex.com/P/7407/Cristanini-Spa/SdsT155-mil;
date of access: 15.06.2024)

pacubliAeTca U3 pesepByapa ¢ IOMOLbIO CXKa-
TOTO a30Ta, KOTOPBIN HAXOAUTCA B CIIEL|Ma/IbHOM

aMmyIe.
Hemenxuit mopratuBHblii mnpubop DS10
npefgHasHayeH [nsi 00pabOTKM  OTHENbHBIX

eIV HNI] BOOPYXXeHNUs U 60eBOIl TEXHNKM CYyXO-
nyTHbeIX Bolick, BBC u BMC, peiicTBylomux B
OTpBIBe OT MoApasfeneHnit 1 6a3, a TakKe 00b-
eKTOB, PacHOJIOKEHHbIX B TPYJHOMOCTYIIHBIX
paitoHax (pucyHox 2).

Hpunnun peiictBus upubopa DS10 oc-
HOBAaH Ha CO3/IaHUM BHYTpU 6ajmoHa pabodero
JaBleHMsA C IIOMOIIbI0 BO3AYIIHOIO HAacoca,
IIOC/Ie 4ero pacTBOP Yepe3 pasfgaTOYHBIN pPyKas
U pacIbIINTE/IbHBIN MUCTONET B BUJE BO3JYLI-
HO-XUJKOCTHOI 3MYJIbCUM HAHOCUTCA Ha 00-
pabaTpIBaeMyIo MMOBEPXHOCTb. 3a BpeMs 9KCIIO-
3UIMY, HeOOXOAMMOII /I MTOTHOTO IIPOTEeKaHMA
peaknuy HeNTpanusanuy OTPaBIAKINNX Be-
ImeCTB, NpuOOp MOXeT OBITh Iepe3apsKeH
YHUCTOW BOMON [ NPOMBIBKM IOBEPXHOCTHU
o6pabaTpiBaeMOro 00beKTa CTpyell BOABI IOJ
maBneHueM. Pabo4nit pacTBOp TOTOBUTCA B OT-
IeNbHO eMKOCTH UM HEITOCPEACTBEHHO B NIPU-
6ope, BHYyTPeHHAS NOBEPXHOCTb KOTOPOTO BBI-
IIO/IHEHAa U3 YCTONYMBOIO K KOPPO3UU CIIIaBa
HUKe .

Jlerknuil TepeHOCHOI [eTa3alIOHHBI KOM-
ekt COBRA Hemenkoit pupmbt OWR npepna-
3HaYeH JJIs1 IPOBeJeHN s Jera3aliMOHHBIX paboT

PucyHok 2 - BHewHuli eud0 HeMeykozo hopmdamueHo-
20 OezasayuoHHoz0 hpubopa DS10 (pucyHok adanmu-
poeadH no Mmamepuanam catima. URL: https:/www.
karcher-futuretech.com/en/products/mobile-cbrn-
decontamination-components/pressure-spray-devices/
ds-10-18441100.html; dama o6paweHus: 15.08.2024)
Figure 2: Portable degassing kit DS10 (made in
Germany) (the figure is adapted from the webpage. URL:
https://www.karcher-futuretech.com/en/products/
mobile-cbrn-decontamination-components/pressure-
spray-devices/ds-10-18441100.html; date of access:
15.08.2024)

IpY aBapUsIX Ha XUMUYECKUX TMPESUPUATUAX U
APYTUX Ype3BbIYATHBIX CUTyalUAX (pucyHox 3).

KoMmnekT ymoben B oOpaleHuu, He Tpe-
OyerT creriuanbHOro o6y4eHus. [I1s MOATOTOBKYM
KOMIIJIEKTa K paboTe HeOOXOZVMO HECKOJIBKO
cekyHj. KoMmIekT Mo)eT NpuUMeHATHCA B ca-
JIOHaX CaMOJIETOB, BEPTOJETOB; IIAPALIIOTH-
CTaMM ¥ TOJBOZHBIMM IIJIOBLIIAMY, OCHAIl[eH-
HBIMM [bIXaTeJIbHBIMM allllapaTaMy, TaK Kak
UMeeT KOHCTPYKIMIO, TO3BO/IAOIYI0 BbI/I€PIKI-
BaTb pasHoe JaBjIeHMe. VIMeeTcs: BO3MOXKXHOCTD
[03aIpaBKM KOMIIIEKTA.

®upmoit MAVATECH, Bepymieil oprasu-
sanueit OUHIAHAUN N0 pa3paboOTKe M NPOU3-
BOZICTBY CpPeJCTB CIlelMaNbHOIl 00paboOTKM,
BbBIIyCKaeTcA pacnbuintenb MAVA10, KoTopbii
UCHONb3yeTCsd [N CIelManbHOi 00paboTKM
He6OoNbIINX IOBEPXHOCTeil. Pacmpmnrens co-
CTOUT Ha CHabO)XeHWUU MO pas/ieNeHnit 6bICTPOro
pearnpoBaHMsA M MOHTUPYETCS Ha OOEBBIX Ma-
muHax u mamnHax PXDB passenknu (pucyrnok 4).

Ha cuabxenue nogpasnenennii PXb samutor
OUHIAHANY TPUHAT SMYIbCUOHHBIN PaCHbIIN-
tenb MAVA 200, npefHasHauYeHHBII /15 CHEL -
albHOM O00pabOTKM TPAHCIOPTHBIX CPeACTB
(pucymox 5).

PacnpmuTennb  MOXeT  MCHOTb30BaThCA
B Pa3IMYHBIX KIMMATUYEeCKUX YCIOBUAX He
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PucyHok 3 - BHewHul eud nepeHoCH020 0e2a3auyuoHHO20
komnnekma COBRA (pucyHok adanmupoeaH ho mamepua-
nam catima. URL: https:/www.militaru systems-tech.com/
suppliers/militaru-cbrne-decontamintion-systems-and-
equipment/OWR-gmbh; dama o6paweHus: 15.08.2024)
Figure 3: Portable degassing kit COBRA. (the figure
is adapted from the webpage. URL: https:/www.
militaru systems-tech.com/suppliers/militaru-cbrne-
decontamintion-systems-and-equipment/OWR-gmbh;
date of access: 15.08.2024)

PucyHok 4 - BHewHuli 8ud npubopa MAVA10 (pucyHok
aoanmupoedH no mamepuanam catima. URL: https:/
cbrnetechindex.com/p/5863/Mavatech/MAVA-10; (dama
obpaweHus: 15.08.2024)

Figure 4: Device MAVA10 (the figure is adapted from
the webpage. URL: https://cbrnetechindex.com/p/5863/
Mavatech/MAVA-10; date of access: 15.08.2024)
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PucyHok 5 - BHewHuli 6u0 3Mys1bCUOHHO20 pacnblaumens
MAVA 200 (pucyHok adanmupoeaH no mamepuanam caii-
ma. URL: https:/www.mavatech.com/product/mava-200;
dama obpaweHus: 15.08.2024)

Figure 5: Emulsion spray MAVA 200 (the figure is adapted
from the webpage. URL: https:/www.mavatech.com/
product/mava-200; date of access: 15.08.2024)

TOZIBKO apMeNCKUMM TOApasfieIeHusAMM, HO
U TOXAPHBIMM YacTAMU, THOAPa3feNeHUsIMNA
rpa’kIaHCKOJ 00O0pPOHBI U ApyruMu npodeccn-
OHA/IbHBIMU OpPraHM3aLUAMU JTUKBUAALUY IO-
CNIeICTBUII Ype3BBIYAHBIX cuTyauui. [Ina o6-
Jler4YeHM s IePeHOCK! Ha PacIbIINTeNe UMEITCS
IIeYeBble peMHU. B pacnpinnTene CMOHTUPOBAH
YHUKa/AbHbIN 3aIIATEHTOBAHHDBIN CMECUTENIb, Me-
XaHM3M KOTOPOTO obecredyyBaeT BO3MOXXHOCTD
aBTOHOMHOTO IlepeMeIlVBaHUsA  peLenTyphl.
B xoMI/IeKT BXOAUT MIMPOKMUIT HAGOp Hacamok,
BBIOOP KOTOPBIX 3aBUCUT OT BSI3KOCTY VMCIIOJIb-
3yeMOJl 9MYIbCHUM, YTO IO3BONAET M3MEHATH
(daxken pacnblieHUs Aerasupylouieil perenTypsl
B 3aBMCMMOCTHU OT peliaeMoin 3ajaun. [Japrenne
B pacHblINTeNIe CO3/jaeTcs Tnbo BpyIHYI0, 1160
MeXaHUYIEeCKNM CIIOCOOOM C IIOMOIbI0 KOMIIpec-
copa.

Kanamckuin mera3alMOHHBI KOM-
IJIEKT MHOTOpasoBoro ucnonb3oBaHusa NBC
DEWDECON-20L mo3Bonser pgucmeprupo-
BaTh [leTasUpPYIOIIYI0 peLenTypy Mu3 CTaH-
JAapTHOJ CTAa/JIbHOV MM NJIACTUKOBO KaHUCTPbI
(pucyrox 6).
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PucyHok 6 - BHewHuli eud 0ezasayuoHHo020 ycmpolicmea
NBC DEWDECON-20L (pucyHok adanmupoeaH no mame-
puanam caiima. URL: https://Bits.de; 0ama o6paweHus:
15.05.2024)

Figure 4: Degassing unit NBC DEWDECON-20L (the figure
is adapted from the webpage. URL: https://Bits.de; date of
access: 15.05.2024)

s npuBenenus npubopa B pabodee coCcTo-
ssHUe HeoOXOofMMO B TedeHMe 1| MUHYTHI pabo-
TaThb HACOCOM, B pe3y/IbTaTe 4ero COmepXxumoe
pesepByapa OyzmeT pa3OpbI3TMBATBCA HpPU II0O-
BTOPHOM Ha)XaTUM Ha PY4YKy Hacoca. YCTPOii-
CTBO YHZOOHO B CHapsDKeHUM M pabore ¢ HUM
fa’ke B 3alIMTHOM OOMYHJVPOBaHUN.

[TepenocHoit aBTOHOMHBINI mpubop Dual
Tank BackPack paspaboran B pamkax mHuUIMa-
TUBHOJ IPOrpPaMMBbI 0 UCCTETOBAHUAM U TeX-
Honoruu PXDb samutel Ka"nags! u npegHasHadeH
IJIs1 IPOBeIeH M s CTIelianbHO 00paboTKM anma-
paTypsl M pasIMUYHbIX 3apa’keHHBIX MOBEPXHO-
CTeil B C/Iy4ae IPUMEHEHNUs OPY>KMA MaCcCOBOTO
HOpakKeHUsA WIN YTeYKM TOKCUYHBIX BeIleCTB
Ha IIPOMBINUIEHHBIX HpefnpuATuax. IuszaiH u
KOMIIOHOBKa INpubopa o06ecnedynBaioT yBelu-
YeHMe CPOKa TOZHOCTU CHApsDKEHHBIX Jerasiu-
PYOIINX BelecTB (C MOMEHTAa MX CMeIIMBAaHNA
Io npuMeHeHus). [JaHHbI TpubOp 06 begUHSIET
B ce0e YIyUYLIEHHYI0O COYeTaeMOCTD C UCIIONb3Y-
eMBIMH JIeTa3M Py MMM Bell[eCTBAMMI, BO3MOX-
HOCTb COBMECTHOTO IIPVMEHEHNA C APYTUMMU Jie-
rasalMOHHBIMY CHCTEeMaMy Ha MeCTax aBapwmii,
a TaK>Ke MHTETPUPOBAH C eMKOCTAMM OOJIBIIEro
ob6beMa 11 KUAKUX [[eTa3UPYIOLMX PeLenTyp
Y BOJBIL.

ITpu6op Dual Tank BackPack mpoct B moj-
rOTOBKe M (PYHKIIMOHMPOBAHUY, MOXKET 00CIy-
JKUBAThCsI OXHNUM omepatropoM. brarogaps Ha-
VYN0 TIOCTABIAEMOTO II0 OT/eIbBHOMY 3aKa3sy
BEEPHOIl PACHbUINTENIbHON HacagKy MMeeTcs
BO3MOXXHOCTb OBICTPOrO IpOBefjeHUs CIIeLN-
a7bHOIT 00pabOTKM 6OMBIION MIOLIATN.

[Ipubop mpomren TujaTenbHble MCIBITAHNA,
B XOfi¢ KOTOPBIX MOATBEPAUINCH €ro IpeuMy-
I[eCTBAa, B TOM 4YMC/Ie IO BhIpaboTKe 6O/MbLIOrO

KOJIMYeCTBA NEHHO PeleNnTypsl, CIOCOOHOCTH
(QYHKUMOHUPOBAHMS B CYPOBBIX IOTOJHBIX
YCIOBUSIX, BO3MOXXHOCTM MHOTOKPAaTHOTO WC-
H0Tb30BaHMA. [leiicTBYE TIEHbI OCHOBAHO Ha MH-
KancynupoBanuu (00BoMakMBaHUM) U OIOKMU-
pPOBKe OMONOrMYecKUX MOPaKAWIINX areHTOB
Y OTPAaBISAILIIMX BeleCTB B HAapooOpasHOM
Y TMOPOIIKOOOPAa3HOM COCTOAHMM, TaKUM 00-
pasoM, CYLIeCTBEHHBIM 00Opa3soM yMEHbIIAeTCs
ONacHOCTb 3apakeHus. IleHa mokasama Takxe
BBICOKYI0 3 (eKTUBHOCTh NpU YHATEeHUU pa-
AMOAKTUBHBIX YaCTHUI] Ha HEKOTOPBIX IOBEPX-
HocTAX. IIpomecc 06pabOTKM TpPaHCIOPTHOTO
cpencrBa npubopom Dual Tank Back Pack npen-
CTaBJIeH Ha pucyHke 7.

®upmoit Hispano Vema (Mcmauus) paspa-
6otaHn 60pTOBOII HMpUOOp clenyuanbHO obOpa-
6otk ATM 10 MIL (pucynox 8).

IIpu6bop cocroutr Ha CHabGXKeHUM BOOPY-
KEHHBIX cua VicmaHum ¥ TpegHa3sHayeH JJIsd
HpOBeleHNsI HEOTIIOXKHOI CIeluaabHOil 00-
paboTKM B Clydyae Ype3BBIYANHBIX CUTYaLMii,
cBaA3aHHBIX ¢ PXDb 3apakenmem. B cocras npu-
60opa BXOAAT: pe3epByap, Py4HOIl HaCOC, BEHTH-
JALMOHHBIE U IpPeJOXPaHNUTETbHbIE KIalaHBI,
MaHOMETp, PacIblINTe/b, 3aIaC Aerasupyroulei
peuentypsl. [Ipubop mpuMeHsieTCs /IS pacibl-
JIEHU ST )KU/IKOCTHBIX 1 MTOPOIIKOOOPA3HBIX flera-
3MPYIOUUX PELenTyp.

IIpubop mmeeT cnenym e TAKTUKO-TEXHMU-
JecKyle XapaKTePUCTUKM:

- OCHOBHAasl WCIONb3yeMas pelentypa -
RD 20;

- IIouagb 06pabaTeIBaeMolt MOBEPXHOCTH —
50 Mm%

PucyHok 7 - lNpouecc 06pabomku mpaHcnopmHozo cpeo-
cmea npubopom Dual Tank Back Pack (pucyHok adanmupo-
8aH no mamepuanam catima. URL: https:/www.eximmed.
de/backpack-decantamination-dc-20L.html; dama o6pa-
weHus: 15.05.2024)

Figure 7: The treatment of a vehicle by the device Dual Tank
Back Pack (the figure is adapted from the webpage. URL:
https:/www.eximmed.de/backpack-decantamination-dc-
20L.html; date of access: 15.05.2024)
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PucyHok 8 - BHewHuli 8ud npubopa cneyuanvHoli 0bpa-
6omku ATM 10 MIL (pucyHok adanmupoeaH no Mamepu-
anam catima. URL: https://cbrnetechindex.com/p/5776/
Hispano-Vema/ATM-10; dama o6paweHus: 15.08.2024)
Figure 8: Special treatment device ATM 10 MIL (the figure
is adapted from the webpage. URL: https://cbrnetechindex.
com/p/5776/Hispano-Vema/ATM-10; date of access:
15.08.2024)

- pabouee maBnenue — 6 6ap;

- paboyast BMecTUMOCTb mpubopa — 10 1;

- Macca 3araca pelenTypsl — 2 K.

®upmoit Cristanini S.P.A. (Mranus) paspa-
6oraH 60pTOBOI NpubOp cIeluanbHOIl 06pa-
6otk PRNDS/12 MIL (pucyroxk 9).

IIpubop coctoutT Ha CHaOXXEHUM BOOPY-
JKeHHBbIX cui Vtanum u npegHasHadeH A Je-
rasanun, ge3aHeKum 1 Te3aKTUBALUY aBua-
IIMOHHOJ TeXHVKM U Ha3eMHBIX TPAaHCIOPTHBIX
CPeNCTB, MECTHOCTU, SKUMMPOBKYU, OOMYyH[M-

PucyHok 9 - BHewHuli sud npubopa cneuyuanbHoli 06-
pabomku PRNDS/12 MIL (pucyHok adanmupoedaH no
mamepuanam calima. URL: https:/www.cristanini.it/en/
product/prnds12-mil-2/; dama o6paweHus: 15.08.2024)
Figure 9: Special treatment device PRNDS/12 MIL (the
figure is adapted from the webpage. URL: https:/www.
cristanini.it/en/product/prnds12-mil-2/; date of access:
15.08.2024)

Journal of NBC Protection Corps. 2025.V.9.No 1

POBaHMS M CAHUTAPHOI 06pabOTKY BOEHHOCTY-
xamux. B cocraB nmpubopa BXxoAsAT: pesepByap
C COCTaBOM, peryiupyeMble 3alljiedHble PEMHIN,
pa3fgaTOYHbINl pyKaB, PpacHbUIMTENIbHBIN IH-
croner. Ilpu mopgknroYeHMM K JerasalMiOHHON
cucreme Sanijet C. 921 pabodee paBIeHMe
YyCTPOICTBA MOXKeT focTurars 80 6ap.

[Tpubop umeeT crefyoIIye TAKTUKO-TeXHU-
yeckye XapaKTepUCTUKIL:

- Macca HeCHapsOKeHHOTro npubopa ¢ akcec-
cyapaMu - 7,5 KT;

- rabapuTHbIe
20x20x60 cm;

- pabouas BMeCTUMOCTb npubopa — 12

- ucnonb3yeMmas penentypa — BX 24, BX 40;

- wiomaab obpabaTbiBaeMoil NMOBEPXHOCTHU
OIHOI 3apsaaKoit — 120 mM%;

- [UAIa30H pab0oYMX TeMIepaTyp — OT MUHYC
20 mo mmroc 50 °C.

Ha cuabxennu mnoapasmenenniti PXB 3a-
mWuUTel VTanmm COCTOMT TakXke OOpPTOBOIL
npubop crnenuanbHoit o6paborku PSDS/10 MIL,
paspabortanupiii  ¢upmoit Cristanini S.P.A.
(Mranns). OH npeHa3HAYEHEH /IS IPOBeeHN
merazanuu U Ae3nHQPeKI N OTHAe/IbHBIX eJMHUL]
BOOpPY>XeHUsI U 06OeBOIl TeXHMKM, CAaHUTAPHOI
00pabOTKM BOEHHOCHY)XAIUX U MECTHOCTHU
(pucynox 10).

B cocraB npubopa BXOJAT: OBaJIbHAS U TPeEY-
TO/JIbHAs MOE€YHbIE MeTKU AMnHoM 24 u 16 cM co-
OTBETCTBEHHO, 3allpaBOYHasA BOPOHKA, JAaTUYMK

pasmepnl mpubopa -

PucyHok 10 - BHewHuli eu0 npubopa cneyudsabHoli
o0bpabomku PSDS/10 MIL (pucyHok adanmupoeaH ho
mamepuanam calima. URL:  https:/cbrnetechindex.
com/p/7407/Cristanini-SpA/PSDS10-MIL; 0ama o6pauje-
Hus: 15.08.2024)

Figure 10: Special treatment device PSDS/10 MIL
(the figure is adapted from the webpage. URL: https:/
cbrnetechindex.com/p/7407/Cristanini-SpA/PSDS10-
MIL; date of access: 15.08.2024)
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IaBJIeHNs, IPeJOXPaHUTETbHBIN KIamaH U30bI-
TOYHOTO JaB/IeHMA, TeIeCKONMYEeCKUil Aepka-
Tenb /IS IMeTOK MaKCUMaJIbHOM AAMHBI 215 cM,
gerasupymomas penenrypa BX 24, pydHoun
HacoC; pacHnbplIuTeNbHAsA HacafkKa, peryaupy-
eMble 3aIlIeYHble PeMHY, POPCYHKA, PacIIbIIN-
Te/IbHBII MICTOJET, Pa3aTOYHbII PyKaB.

ITpubop umeer crepymoIiIye TAKTUKO-TeXHU-
YyeckKJe XapaKTepUCTUKIUL:

- Macca HecHapsDKeHHoro nmpubopa — 3,1 kr;

- Macca KOMIIZIEKTa ¢ akceccyapaMu — 9,8 KT;

- rabapuTHble pa3Mmepsl mpubopa -
20x20x63 cm;

- pabovast BMeCTUMOCTb npubopa — 10 3

- IO7THAsI BMECTUMOCTD mpubopa — 13,5 i;

- ucnonb3yemas penenrtypa — BX 24

- IJIOLIafib TMOBEPXHOCTH, 0OpabaThIiBaeMoOil
oJ HOIT 3apsaKoit — 100 Mm%

- pabouee maBneHue — 6 6ap;

- IMaIna3oH paboyMX TeMIepaTyp — OT MUHYC
20 go nmroc 50 °C.

TakTuKO-TeXHUYeCKUe XapaKTepUCTUKHA
Hambomee IpeACTaBUTENbHBIX 3apyOeXXHbIX
npubOpoB ¥ KOMIIJIEKTOB CIeIMaJbHON 0bOpa-
OOTKM B COIOCTaB/IIEHUM C POCCUIICKUM IPU-
6opom AIICO, npexncraBiensl B mabauye 1.

JocTomHcTBa WM  HEJOCTAaTKM  OTede-
crBeHHBIX 60pTOBBIX TCCO. CymecTByIOT ABe
MOZICUCTEMBI TAKUX CPEJICTB — JJIs CIelaaTbHOI
06pabOTKM BOCHHOJ TEXHUKM I CAHUTAPHOIL 00-
PabOTKM TUYIHOTO COCTaBa

Bbopmosevie TCCO soennoii mexnuxu. Ho-
MeHknarypa 6oproBeix TCCO BOeHHOW Tex-
HJKJ, BOCHOBHOM CIOKMIAach K Hadany 1970-x rr.
Ouna Bxiouana [4, 5]:

TAaHKOBBIN AerasaumoHHbIi Kommaekt TII,
Npe/iHa3HAYEHHBIN /I IPOBefeHN A YaCTUIHON
Jerazanuy TaHKOB, 0OEBBIX MAallMH IEXOTHI U
OpOHEeTPaHCIOPTEPOB;

MH[VMBUYaIbHBII KOMIUIEKT CIIeIMaIbHOM
o6paboTky aBTOTpakTopHOI TexHuky VIIK-1 -
IS Jerasanuy, fe3aKTUBALNUY U Ae3NHPeKIun
(IO]0) aBTOTpaKTOPHOT TeXHUKM C ICIIONTb30Ba-
HMEM COKaTOTO BO3JyXa OT KOMIIpeccopa aBTO-
MOOWJISI MM aBTOMOOU/IBHOTO IIMHHOTO HACOCA;

kommnekT JK-1 — gna JJII pakeTHOI Tex-
HUKM ¢ nomolibio Mamuu 8T311 cumamu sku-
naxeit (pac4eToB) 06pabaTpIBaEMOro 00bEKTa;

komriekT JK-2 — mma O] aBuanmmoHHON
TeXHUKM C IOMOIIbI0O TOIUIVMBO3AIMpPaBIIUKOB,
KOMOVHVPOBAaHHBIX IIOJIMBOMOEYHBIX, MOEYHBIX
U TTOXKaPHBIX MalINH;

Ta6nuua 1 - OcHosHble MakKMuKo-mexHu4yeckue xapakmepucmuku npu6opa Al1CO u 3apy6exHblX aHan0208
Table 1. Key performance parameters for ISTD and its foreign counterparts

HaumeHoBaHue 06pasua, ctpaHa / Device name, country
. KomnnekT NBC- Pacnbinvtenb
AVMEHOEAHUE Mpu6op AMNCO, Mpu6op SDS Mpu6op DS 10, MAVA 10,
xapakTepuctuku / Feature Poccus / T155, Utanusa / lepmanus / DEWDECO.N-ZOL’ ®Ounnaugus /
hame IDST device (made | Device SDS T155 Device DS 1, S UGG Sprayer
. X . . DEWDECON-20L
in Russia) (made in Italy) (made in Germany) . MAVA 10
(made in Canada) L
(made in Finland)
Hopma pacxopna 0,2-0,4 0,19-0,25 0,20 0,30-0,37 0,5
peuenTypsl, 1/M? / Formula| (conbBeHTHas) /
usage rate, I/m? (solvent)
1,5 (BoaHas) /
(water-based )
O6beM ogHOM 3apsaaku, 11/ 5,8 1,5 10 18,5 1,1
Single filling volume, |
B0O3MOXHOCTb Mo 14,5-29,0 6,0-8,0 50,0 50,0 2,0
0bpaboTke ogHOM
3apagkoin, m? / Area that
can be processed with a
single filling, m?
Pa6ouyee naBneHue, atm/ 10,0-17,0 20,0 6,0 6,0 -
Operational pressure, atm
Tun peuentypbl / Formula | PO-2 BX 24 (BogHas) / | C8,RM31, RM54,| C8 (sogHas); DS2 E-86
type (conbBeHTHas); BX 24 (water- RM35, RM21, (conbBeHTHas); (aMynbcroHHasn) /
PacTteop ATCIK based) GDS 2000 (Bce NBC- E-86 (emulsion)
(BomHas) / RD-2 BOJHbIE) / DEWDECON-M
(solvent)two-tribasic C8,RM31, RM54, | (amMynbCcuoHHas) /
salt of calcium RM35, RM21, GDS| C8 (water-based);
hypochlorite 2000 (all water- DS2 (solvent);
solution (water- based) NBC-
based) DEWDECON-M
(emulsion)
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lMpodomxeHue mabauywi 1

HaumeHoBaHue o6pasua, ctpaHa / Device name, country
KomnnekT NBC- Pacnbiautens
HanmeHoBaHue Mpu6op ATCO, Mpu6op SDS Mpu6op DS 10, DEWDECON-20L MAVA 10,
XapakTepuctuku / Feature Poccus / T155, Utanus / Fepmanus / Kanana / Kit NBC: dunnaupus /
hame IDST device (made | Device SDS T155 Device DS 1, DEWADECON-ZOL Sprayer
in Russia) (made in Italy) (made in Germany) (Bl @i MAVA 10
(made in Finland)
Macca cpepcTBa, Kr: /
Device weight, kg:
CHapsiXKeHHoro / 13,5 4,3 19,5 20,8 3,6
equipped
HeCcHapsi>KeHHoro / 6,5 2,8 9,5 10 2,5
unequippedo
o NpUHATMA Ha 2004 1989 1993 1988 -
cHabxeHue /
Operational activity started
in

MpumeyaHue.

Note.

MAVA-10 (date of access: 15.09.2024).

Tabmua cocTaB/eHa aBTOPaMm MO AaHHbIM U3 OTKPbITbIX MUCTOYHMKOB ceTn MHTepHeT. URL: https://www.cbrhetechindex.
com/P/7407/Cristanini-Spa/SdsT155-mil, https://www.karcher-futuretech.com/en/products/mobile-cbrn-decontamination-
components/pressure-spray-devices/ds-10-18441100.html (naTa o6patieHus: 15.09.2024). URL: https://Bits.de, https://
cbrnetechindex.com/p/5863/Mavatech/MAVA-10 (gata obpauieHns: 15.09.2024).

The table is compiled by the authors per open sources data on the Internet. URL: https://www.cbrhetechindex.com/P/7407/Cristanini-
Spa/SdsT155-mil, https://www.karcher-futuretech.com/en/products/mobile-cbrn-decontamination-components/pressure-spray-
devices/ds-10-18441100.html (date of access: 15.09.2024). URL: https://Bits.de, https://cbrnetechindex.com/p/5863/Mavatech/

KOMIIJIEKT HPUCIOCOO/IeHNiT K aBTO3aIpPaB-
mukam JK-3 - gna JJI aBTOTpaKTOpHOI Tex-
HUKM, BOOPY>XEHV U UMYLIEeCTBA;

kommnekT JIK-4 m ero mogudpmkanunm (K,
b, KY, 1) - pna OO rpy3oBsIX aBTOMOOMIIEIL,
aBTOIOE3[]0B, CIeIMaTbHbIX aBTOMOOVIbHBIX
mraccu u OGpOHETPAHCIIOPTEPOB C KapboparTop-
HBIMMU JBUTATeNsAMY;

kommekt JK-5 - mna O] BoopykeHus,
60eBOJI TEXHUKM ¥ CAHUTAPHOI 00pabOTKY MIM4-
HOTO cOCTaBa Bo3ynIHo-ecaHTHBIX BOVICK.

B 1990 r. Ha cHab>KeHMe BOVICK OBLI IPUHAT
OOpTOBOJI KOMIIJIEKT CIIeManbHO 06paboTKM
(BKCO), BommoTuBminit B cebe TeXHMIECKME pe-
HIeHNsI, UCMIONb30BaHHble B KoMmimekTax [JK-4
nu MIK-1. Komnnexktr npepHasHaueH gias I
BOOPY>XEHUSI U BOEHHOJ TEXHUKU BOZHBIMM U
COTbBEHTHBIMU peLeNTypaMM C MCIIO/NTb30Ba-
HMEeM SHEPIUM BBIXJIOMHBIX Ta30B J{BUTATENEN
BHYTPEHHEI0 CTOPaHN s VI 9HEPTNY CXKATOI'0 BO3-
AyXa IHeBMOCUCTeM 6a30BBIX IIACCU OOBEKTOB
BBCT [5].

B 2004 r. Ha cHabxeHue Boopy>keHHBIX
Cun Poccuiickoit ®emgepanun (BC P®D) 6bin
HOPUHAT aBTOHOMHBINI NPUOOP CIenManbHO
obpaborkn — AIICO (pucynox 11). VI3 ananusa
IpefiCTaB/IeHHBIX B mabnuye 1 JaHHBIX CIeAyeT,
yro npubop AIICO mo ero oCHOBHOMY HasHa-
YeHMI0 HaXO[AMUTCSA NPaKTUYeCKV Ha OJJHOM TeX-
HIYeCKOM yPOBHE C 3apyOe>KHBIMI aHATOTAMM.

Journal of NBC Protection Corps. 2025.V.9.No 1

[Tpu6op AIICO npepHasHadeH A HOTHO
OO0 taHkoB, 06O€BBIX MAaIIWH IEXOTHI, OpoO-
HeTPAHCIOPTEPOB M J[PYTOr0 BOOPY>KEHMH, U
BOEHHOJ TeXHMKM Ha uX Oase, apMeiiCKUX aB-
TOMOOM/Ie/ MHOTOLIe/IeBOTO Ha3HAYeHNA TPY30-

PucyHok 11 - BHewHuli sud npu6opa AICO. Aemop-
cmeo u3obpaxceHusi npuHadsaexcum OIBY «33 LUHUUN»
MuHo6opoHbl Poccuu
Figure 11: ISTD (Independent special treatment device).
The figure is borrowed from 33 Central Scientific Research
Test Institute, MD RF
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MmogbeMHOCTBIO 1o 1,5 T, Taraueit Tuma MT-JIb,
I'T-CM, a Ttakxe wactuunoit OIJ] 60eBbIX
MAIlIVH JIeCAaHTa, JPYTOr0 BOOPY>XEHNA U BOEH-
HOJl TEXHMKM Ha UX 6a3e, ChbeMHBIX Ky30BOB —
KOHTeIHepOB CIelMa/TbHOTO HagHayeHu s .

B mpubope AIICO kxpome MeToma cuenu-
aIbHOM 00pabOTKM NIpPOTHpPaHMEM OpoLIaeMOil
IIeTKOJ peann3oBaH TaK)Ke METOJ, OPOIIEHMA
3apa’>keHHOJ IOBEPXHOCTH a9P030/IbHO-KaIleNlb-
HBIM IIOTOKOM JIeTasMpyomnux u ae3nMHuUIn-
pyomux peuentyp. IIpu saTom TemMn o6paboTknu
cocraBnsaeT 4-6 M?/MUH. DTO IO3BOJISAET IPOBO-
IUTD gerasanuio u ge3nHpeKnio Hanbonee Mac-
coBbIX 00bekT0B BBCT ¢ mnomagpio Hapy>KHOI
MOBepXHOCTHU 10 60 M* B TedyeHue 10-15 MuH He-
HOCPEACTBEHHO B 0OeBBIX MOPSAKaX BOJICK. B
npubope AIICO peuentypa BbIfaBIMBaeTCs 110-
POXOBBIMM ra3aMim, 00pa3yoOIIMMNCA IPU IIPU-
BeJleHUN B [IeliCTBYe aBTOHOMHOTO JMCTOYHMKA
OaBJIeHNA - Ta30TeHepUPYIINNX 3JIeMEHTOB
9I-2]1 ¢ moMo1bio ra3oreHepUpPYyIoLero ycTpoii-
crBa (I'TY). B koMIIeKT mocTaBKM BXOINT 4 9/1e-
menTa IOI-2]1.

B rtoxe Bpemsa mnpubop AIICO ob6magaer
pAnoM HepgocrtaTkoB. IIpexxme Bcero, sTo BHI-
COKasg CTOMMOCTb CEepMIIHOTO IIPOM3BOACTBA
(250 TBIC. pYyOnel), y3Kmil IepedeHb IpuUMe-
HEMBIX pPeLeNTyp UM OTHOCUTENbHO OO/bIuas
HopMa mx pacxopa (1,5-4,5 n/mM* st BOZHBIX
peuentyp, go 0,4 1/M* O/ peuentyp Ha opra-
HUYECKOJl OCHOBE), a TaK)XXe OTCYTCTBUE BO3-
MOXXHOCTYM IIpMMEHEHUs IeHHBIX peLenTyp.
IIpy 5TOM OCHOBHBIM HEJOCTATKOM SBJISETCS
OTpaHMYeHHass KPAaTHOCTb €r0 NMPUMEHEeHMNs II0
Ha3HAYeHMIO, CBA3aHHAA C HAJINYMEM /IeMEeHTOB
OI-2]] (B KOMIIIEKT IOCTaBKM BXOOUT 4 3e-
MeHTa OI-2]1), TaK KaK cO3[aHye HeOOXOAMMOTO
maBnenus (1,0-1,2 MIla) B pesepByape mpu-
60pa OT MHEBMOCUCTEMBI 6A30BBIX IIACCU KOH-
CTPYKTUBHO He mpepgycMmorpeHo. Kpome Toro,
1o cpaBHeHMIo ¢ npubopamu PRNDS/12 MIL n
PSDS/10 MIL, npu6op AIICO He obecneunBaer
CaHUTAPHYI0 00pabOTKY IMYHOTO COCTaBa IKMU-
naxkeit 06bexktoB BBCT.

ITepeuncneHHbIe BbIIIE 6OPTOBBIE KOMIITIEKThI
CIHenaabHO 00pabOTKM MMEIOT CIMIIKOM M-
POKYI0 HOMEHKJIATy Py, MOPaJIbHO yCTapenn I He
OTBEYAIOT COBPeMEHHBIM TpeboBaHUAM Bolick. K
UIX OCHOBHBIM HeJIOCTaTKaM OTHOCSTCS HU3SKUIL
TeMII crenyuanbHoit o6paborku (0,5-1,0 M*/MuH)
u 6onblive 3aTpaThl (PU3NYECKOTO TPyAa Ipu
npoBefiecHNYN OOpabOTKM, KOTOpBIE CBA3aHBI C
peann3oBaHHBIM B HUX TPYZOEMKUM METOJOM
CHenyuaabHO 00pabOTKM 3apaKeHHBIX MOBEPX-
HOCTel — NPOTUPAaHMEM OpPOLIAEMOJ MLIEeTKOI.
Tak, BpemMsa o00paboTkmM THUIOBOro OOBEKTa
BBCT ¢ mnmomajbio Hapy>XHOI IOBEPXHOCTU

1

40-50 M? fgByMs OpaHACIONTaMM COCTaB/IseT
20-25 mun. IIpn 3TOM, COTTTACHO COBpPEMEHHBIM
OIlepaTUBHO-TAKTUYECKUM TpeOOBaHMAM, 00-
paborka o6bekToB BBCT HemocpeacTBeHHO
B 00eBBIX MOpAJAKAX BOJCK CUIAMU PacdyeToB
U SKUIIaXKell MO/KHA NPOBOAWUTHCA B CHXKAThbIe
CPOKM M He JO/DKHa npesBblmarh 10-15 MuH.
Ha 00bekT. Kpome TOro, oTfienbHbIe KOMIIIEKTBI
(OK-4, OK-5, BKCO) xapakTepusyloTcs Hefo-
CTAaTOYHOM HaJe>XHOCTBHIO.

Canumapuas o6pabomka AuuUHO20 CO-
cmaeéa. AHanu3 OIBITA IPOBENEHMA CIIeLN-
aJ/IbHOJ BOEHHON oOllepaluy II0Kas3asl, 4YTO
caHuTapHas o6paboTka, U B YAaCTHOCTU TUTHU-
eHNYeCKas IOMBbIBKA JIMYHOTO COCTaBa B TakK-
TUYECKONl 30He, TaKXe, KaK M CIelyanbHasA
06paboTKa TeXHUKH, SBASIETCS OFHOI U3 MPO-
0/7eMHBIX 3a/ja4, KOTOPYI0 HEOOXOAMMO CPOYHO
pelars.

CaHnrtapHag 06paboTKa TMYHOTO COCTaBa —
3TO KOMIUIEKC MEpOIPUATHUIl, 3aKII0Ya0-
mWMicA B yJaJeHUM C JAUYHOIO COCTaBa pa-
OVOAKTUBHBIX BelleCTB, B 00e3BpeXMBaHUU
wmu ypanenun OB u 6akTepmanbHBIX CPeACTB.
B 3aBucumoctum o1 ycmoBuit 60eBoit ob6cra-
HOBKV, OT Ha/IN4UsA CPefCTB U BPeMEH) CaHU-
TapHas 06paboTKa MOXeT OBITh YaCTUYHOI MK
monuoi [8].

ITonrnast caHurapHas o6paboTka - [eii-
CTBUs, HallpaBJieHHbIE HA TMKBUAALNIO OMOTIO-
TMYeCKOr0 3apakeH!A ¥ PaAMOaKTUBHOIO 3a-
TpsA3HEHMA BCell IOBEPXHOCTY Tejla Ye/loBeKa C
00s13aTeIbHOI 3aMeHOJI HaTe/IbHOTO 6elbs U 06-
MYH/IMPOBaHMA.

YacTuyHasg caHuTapHas obpaboTka — meil-
CTBUS, HaIIpaBJIeHHbIe Ha Jera3aluio OTKPbITBIX
y4acTKOB Tena (IMIia, IIeM, KUCTell PyK) ¢ IHo-
MOULIBI0 peLeNTypbl MHAVBUAYAJIBHOIO IIPO-
TUBOXMMMYECKOTO MaKeTa, a TaK)XXe UX Je3UH-
(dexIMIo WK Ae3aKTUBAINIO C VICTIONb30BaHNMEM
MBbIJIa ¥ BOJIBI.

CaHurtapHasg o6pabOTKa JTUMYHOIO COCTaBa
¢ 1973 mo 1997 r. HaxoguIach B BeJleHUM Meu-
IUHCKOM cmy>k6bl. [Ipnkazom MO P® Ne 019 ot
27 mapta 1998 r. canurapHas obpaboTka nmy-
HOTO cOCTaBa (3a MCKIIOYEHUEM PpaHEHBIX U
0O/IbHBIX) U BCe BOIPOCHI, CBA3AHHbIE C paspa-
OOTKOJI TeXHUYECKNUX CPeACTB [ ee IpoBe-
JeHUs, UX UCHBITAHNEM, XPaHEHMEM M CHabXKe-
HMeM BUJOB U POJOB BOICK BoopyskenHbIx Cun
Poccuiickoit ®@epepannuu, nepefaHpl B BefleHUE
Bolick PXDb 3amutsr BC PO.

CyuiecTBylolue TeXHUYeCKUe CpeficTBa ca-
HUTApHO! 00pabOTKM TMYHOTO COCTaBa BKIIIO-
YaloT:

He3NH(EeKIVOHHO-TYIIeBO KOMIIJIEKC
OOK-01 - mist MOMHOM CAaHUTAPHOI 06paboTKM

[Tpubop aBTOHOMHBI 60pTOBOIL. PyKOBOACTBO 10 9KCIUTyaTanum. M.; 1996.

BecTHuK Borick PXB 3awmtbl. 2025. Tom 9. N2 1

SdOOYL NOILD310dd D9N 40 SNVIN ANV SNOdVIM

I9LUTMVE 9Xd D109 V910 T3dD U BUHIXKALOOS

83



BOOPY>XEHNA N CPEOCTBA BOUCK PXB 3ALLNTDI

84

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

MaxHu6opopga B.B., lopsayeB A.A., KpacHos A.E.
Mahniboroda V.V,, Gorjachev A.A., Krasnov A.E.

JIMYHOTO COCTaBa C IPOU3BOJAUTENIBHOCTBIO O
200 yenoBeK B 4yac;

KOMIIIEKT CAHUTAPHOI 06paboTKM TMYIHOTO
coctraBa KCO - pmis momHOi caHUTapHON 06-
paboOTKM JTMYHOTO COCTaBa B TEIIOE M YaCTU4-
HOII — B XOJIOJHOE BpeMs Irofia;

KOMIIJIEKT CIIeLIVIa/TbHOI 00pabOTKM TeXHUKI
M CaHMUTapHOI O06pabOTKM JTUYHOTO COCTaBa
OK-5 - pmns MOMHOI CaHUTapHON 06paboTKm
JIMYHOTO COCTaBa B TeIIO€ M YaCTUYHON —
B XO/IO{HOE BpeMsI TOfia;

KOMIUIEKT HPUCIOCOOMIeHNiI K aBTOTOIIN-
BoszanpasiukaMm K3 - gns canutapHoit obpa-
OOTKM IMYHOTO COCTABA;

He3MHPeKIVOHHO -y IeBY IO YCTaHOBKY
OIOA-66 (OA-3, JOTII-2) — nis caHUTApHOIT 06-
paboOTKM TUYHOTO COCTaBa, Ae3uHpexkyuu (me-
3MHCeKINY) OOMYHJMpPOBAaHMSA, CHapsDKEHU,
o6ysu u CH3.

Kpome Toro, 14 npoBeaeHNsA 4acTUYHON U
HOJIHOM CaHUTApHON 0OpabOTKM JIMYHOTO CO-
CTaBa MOTYT OBITb MCIIO/Ib30BaHbI aBTOPA3IN-
BouHble cTaHnuu APC-14KM.

VI3 mepeuncieHHBIX BBIIIE CPECTB TOIBKO
komiiekTbl KCO n JJK-5 mpepHasHayeHbl I
IpOBeJeHNsA CAHUTAPHOI 06paboTKN (TUrMeHN-
4eCKOJI IIOMBIBKY) JIMYHOTO COCTaBa HEMOCPes-
CTBEHHO B IOfpa3feNeHNsIX BOMCK C MCIIOIb-
30BaHVMEM SHEPruy HABUTATENENl BHYTPEHHETro
cropaHusa 0a30BbIX LIaccu. AHaJOTMYHbIE
CpPeAcTBa B apMMAX 3apyOeXHBIX TOCY[apCTB
OTCYTCTBYIOT.

B To xe BpeMsa cimegyeT OTMETUTb, 4YTO
CyLIeCTBYIOIAs HOACKCTeMa TeXHUYe-
CKMX CPe[CTB CAaHUTApPHOI 06pabOTKM mMd-
HOTO COCTaBa MOPAJIbHO yCTapena ¥ He CO-
OTBETCTBYeT  COBPEMEHHBIM  TpeOOBaHUAM
BOJICK.

Komnnexter JK3, KCO n JK-5 mpuHATH
Ha cHabxeHue B 1960, 1964 u 1971 rr. cooTBeT-
cTBeHHO. COTI/IacHO Ha3HAYeHUI0, OHY UCIIONb3Y-
I0TCS 1151 TIO/IHOM CAHUTAPHOI 00pabOTKM T1d-
HOT'0 COCTaBa TOIBKO B TEIJIOE BpEMsATO/ja, UMEIOT
HU3KYI0 IPOU3BOAUTENBHOCTD (8-12 der./u)
M HaJeXHOCTb. Jle3aMH(pEKIMOHHO-yIIeBbIe
ycranoBku (OY) OITA-66, OOA-3, OIOII-2 co-
CTOSIT TaK)Ke Ha cHaOkeHnu 6oree 30 net. B mpo-
Ijecce MX 9KCIIyaTalUy BBIsABIEHBI CTEAYIOI[/e
HEeJJOCTATKM: HEeJOCTaTOYHAs IIPOU3BOAVTENb-
HOCTb; 0OJ/blINe 3aTpaThl PyYHOrO TPyAa IpuU
IepBOHAYa/IbHOM 3allOJIHEHMM KOTIA BOJOIL;
HeHaJile)kHasi paboTa PydYHOTO Hacoca Ipu
HU3KMX TeMIIepaTypaX OKPY>KalIlero BO31yXa;
6onpuine nmorepu napa (go 25 %). Koncrpyknus
YCTAaHOBOK U PeXUMBI He3snHpeKuun (me3nH-
ceKIuM) He 00eCre4YNBalT IapajienbHON
HPOMYCKHOM CIIOCOOHOCTM IIpM CaHUTAPHON
00paboTKe NMYHOTO COCTaBa U HAe3MHPeKuun
O0OMYHIVPOBaHUA.
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B HacToAmee BpeMs HEMOCPEACTBEHHO B
oA pa3/ie/IeHNAX BOMCK TEXHNYECKNe CPeACcTBa,
obecrmeynBammye CaHUTapHyI0 00paboOTKy
AUMYHOTO COCTaBa ¥ €ro TUTMEHMYeCKYH IIo-
MBIBKY, IPAKTUYeCKN OTCYTCTBYIOT. [lo Hamemy
MHEHUIO, B [a/JbHeNIlell IepClIeKTuBe YKa-
3aHHas 3ajlaya JO/KHA BBIIOJIHATHCS C UCIOJIb-
30BaHNEM MMEHHO OOPTOBBIX CPEJCTB, Ipef-
CTaBIARIINX 000/ MacCOBYI0 HOMEHKJIATYpPY
TEeXHUYECKNX CPEICTB CHelnaabHO 06paboTKM
BBCT.

Takum o6pasoM, aHaIU3 MOACUCTEMBI 6Op-
toBeIXx TCCO 06bexktoB BBCT u caHuTapHOIi
00paboTKM (TUTMEHMYECKOl TOMBIBKM) Y-
HOTO COCTaBa CBUMETETbCTBYeT O Ha3peBIIeil
HeoOXOIMMOCTI  MOJEPHM3aLMM YKa3aHHBIX
CPEACTB C Ie/IbI0 CO3JaHMUSA HOBOTO €[MHOTO,
HNEepCIEeKTUBHOTO, YHUBEPCANIbHOTO M HEJOPO-
roro B MPOU3BOACTBe mpubopa (KOMIIIEKTA),
obecreynBaoUIero IOMHY0 CHEeNManbHY 006-
paboTKy 00BEKTOB C MCIOIb30BAaHNMEM COBpe-
MEHHBIX METOJOB 00pabOTKM, BCeX MPUHATHIX
Ha cHabGxeHue BC PO pactBopoB u peuentyp
crenuanbHOI 00paboTKM, BK/TIOYAS MIEHHBbIE pe-
LEeNTYypPhl, a TAK)XKe M03BONAIOIIET0 IIPOBOJUTD C
€ro IOMOIbI0 CAHNTAPHYI0 06pabOTKY MM I'M-
TMEeHNYeCKYI0 MOMBIBKY IMYHOTO COCTaBaA.

JIns pemeHusi yKasaHHOTO BOIIPOCa CIHEIN-
anuctamu OI'BY «33 LleHTpanbHbBI HayYHO-NC-
ClelOBaTeNIbCKUI MCHbITATEIbHbIT MHCTUTYT»
MuHo6oponsr Poccunu 6bI1 M3rOTOBIEH IIPO-
TOTUII 6OPTOBOTO KOMIIJIEKTa CIeIVaTbHO 00-
paboOTKM HAapy>XHBIX IOBEPXHOCTEl 00BEKTOB
BBCT u caHurtapHoil 06pabOTKM JTMYHOTO CO-
CTaBa 9KMIaXkeil 00eBbIX MalIVNH (Fanee — KOM-
miekt BKCCO).

Komnnext BKCCO ycnoBHO pa3fenieH Ha JiBa
KOMIIJIEKTa: KOMIIIEKT CAHUTApHOIl 06paboTKu
yinenoB skunaxxkeir (KCanO) u KOMIIEKT CIieln-
aIbHOI 00pabOTKM MOBEPXHOCTEI BOOPY>KEHU A,
BoeHHOM u crienuanbHoil texuuku (KCO BBCT),
Y MOXKeT ObITh MCIOTIb30BaH Ha BCEX TUIIAX BO-
€HHOI1 KOJIECHO U TYCEHUYHOM TEXHUKY B3aMeH
kommnekToB J1K-4, BKCO un ATICO.

B cocraB xomninekta KCanO BXomaT: SIUK
YKJIAJOYHbIN, KapKAaCHBII JyLIE€BON MOAYIIb,
HOXKM I YCTAaHOBKM AIIMKA, pe3epByap
markuit PIIP-40, KOMIJIEKT IIJTAaHTOB C KOHHe-
KTOpaMM [/ TOflayM BOJbI, AylleBas eiKa,
noporpesarens I[IDK]l, Hacoc BomAHON, akKy-
MYIATOP, 6aK TOIIMBHBIN, HACOC TOIJIMBHBII,
TEePMOMETP 3/TEeKTPOHHBIN, MBIJIO, CPEACTBO A1
me3nHpeKI N BOAbI, KOBPUK Pe3MTHOBBII.

Buemrnmnin BUJT KOMIIJIEKTa CaHU-
tapHoii obpaborku KCanO mnpepcraBrieH Ha
pucynxax 12 mn 13.

OcHOBHbBIE TAaKTMKO-Te€XHMYECKUEe XapaKTe-
PUCTUKM KOMIIJIEKTa CAaHUTAapHOI 00paboTKu
KCanO npepncraBneHbl B mabnuye 2.
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PucyHok 12 - BHewHuli eud komnaekma caHumapHoli obpabomku KCanO. Aemopcmeo u3obpaiceHus npuHadsiexcum
®reY «33 LUHNNWN» MuHo6opoHbl Poccuu (npedcmasneHo paspabomyukamu Komnsiekma)

Figure 12: A sanitizing kit KSanO. The figure is borrowed from 33 Central Scientific Research Test Institute, MD RF (provided
by the developers of the kit)

PucyHok 13 - BHewHuli eud komnaekma caHumapHoli obpabomku KCaHO e pazeepHymom nosoxceHuu: 1 - eapuaHm
1 (c emkocmobio POP-40); 2 - eapuaim 2 (c nnacmukosol 6ouykoli Ha 50 ). Aemopcmeo u3obpaxceHus npuHaoaemcum
®reY «33 UHNNN» MO PP® (npedcmaesieHo paspabomyukamu KoMnsaeKkma)

Figure 13: A sanitizing kit KSanO. The figure is borrowed from 33 Central Scientific Research Test Institute, MD RF (provided
by the developers of the kit)

Ta6nuua 2 - OcHO8Hble MAKMUKO-mexHuU4ecKue XapakmepucmuKu KoMnjieKmad CGHuUmapHoli
o6pabomku KCaHO
Table 2. Key performance parameters for KSanO sanitizing kit

o
KonunyectBeHHoe 3HayeHue /
n/n/ HaunmeHoBaHue xapaktepucTtuku / Feature name
Value
No
1 TemMnepaTypHbIN MHTepBas 3KcnayaTaymm, °C / 0-50
Service temperature range, °C
2 Macca komnnekTa, Kr / 30,4
Kit weight, kg
3 labapuTHble pa3Mepbl ALLMKA YKIAL04HOrO (AXLWXB), M / 0,68%0,50%0,23
Packing box dimensions(Ixwxh), m
4 KapkacHblii gylieBoi Moayab rabapuThbl (gXwWwxe), M / 1,2x1,2x1,9
Framed shower unit dimensions (Ixwxh), m

5 [nvHa BoasiHbIX WaaHroe (d=16 MM) ¢ KOHHEKTopamu, M: /
Length of water hoses (d=16 mm) with connectors, m:

- WAaHr noj,ayn BoAbl Ha Hacoc / pump water supply hose 1,0
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o

KonnuectBeHHoe 3HayeHue /

Fuel tank volume, |

n/n/ HaunmeHoBaHue xapaktepucTtuku / Feature name
Value

No
- WWAAHT Ha fywesyto nenky / shower head water supply hose 4,0
-lW1aHT NoAaym BoAabl B eMKOCTb / tank water supply hose 2,0

6 MakcrMasibHbIM 06 bEMHbIN pacxos, BoAbl Yepes AyLUEBYO JIENKY, 1/MUH / 6,5
Maximum volumetric water discharge through shower head, I/min

7 TemnepaTypa Harpesa Bogbl B DK/, °C/ 95
Water heating temperature in the liquid engine pre-heater, °C

8 [laBneHue B makocTHom cuctemMe MK, krc/m? / 0,4-2,0
Fluid system pressure in the liquid engine pre-heater, kgs/m?

9 Macca K/, B c6ope, Kr / 7,5
Weight of the liquid engine pre-heater as a set, kg

10 DHepronoTpebneHune, BT / 105
Power consumption, W

11 HanpsiykeHune B cetn, B / 12
Power voltage, V

12 O6bem TonanBHOro 6aka, 1/ 1,5

13 Tun Tonnuea /

LT / Diesel fuel

Throughput, m/hrs

Fuel type

14 Pacxop Tonauea, n/4/ 1,1
Fuel consumption, I/h

15 Bpemsi passepTbiBaHUS (CBEPTbIBAHUS), MUH / 5,0(7,0)
Deployment time (tear down time), min

16 Bpems Harpea Boabl B eMkocTu PLP-40 no 40 °C, MuH / 10
Heating time for water in RDR-40 tank up to 40 °C, min

17 [MponyckHas cnocobHOCTb, Yesn./u/ 5-6

MpumeyaHue.

Note.

Tabamua coctasneHa cneymannctamm OreY «33 LLHUNM MO P®» (npeacTasieHa pa3paboTymMKaMm KOMIMIEKTA).

The table is compiled by the experts of the 33 Central Scientific Research Test Institute, MD RF (provided by the developers of the kit).

B coctaB KoMIIeKTa crenuanabHOl ob6pa-
6orku KCO BBCT BxomAT: peMeHb pasrpy-
30YHBINI TAKTMYECKMI, eMKOCTb [JIs1 BOJHBIX
OO pacTBOpoB, Hacoc caMOBCAaChIBAIOIINIL,
OpaH[CIONT C PacIbIINTENbHON POPCYHKOI U
KpaHOM, aKKyMynATop 12 B, pykas i nmogaun
pactBopos /]I, pykaB BcachbIBaIomnii ¢ Gpuib-
TpOM.

BrHemHMin BuJ KOMIIJIEKTa CIELVAaTbHON
obpaborkm KCO BBCT mpexcraBneH Ha
pucynxe 14.

Kommnnexkt BKCCO nossonsier BaBTOHOMHOM
pexume B TeyeHue 10 MUHYT HarpeTh 40 /1 BOJbI
no Temieparypsl 40 °C 1 oCylecTBUTb OfIHOI
3apAfKOIl CAHUTApHYI0 00pabOTKy (rUrueHmde-
CKYIO IIOMBIBKY) OJHOTO—JBYX YJI€HOB SKMIIa)Ka
o6bekTa BBCT. [JlaBnenue momorpeToii BoJbl Ha
IYIIeBYIO IEMKY KOMIIJIEKTa COCTAB/IAET O 2 aTM,
a ee pacxof — o 6,5 n/MuH.

Jnsa cnenmanbHOM 06pabOTKM IOBEPXHO-
creit BBCT B xommnnexkre BKCCO moryTt npu-
MEHATbCSA BOJHbBIE PACTBOPBI T'MIIOXJIOPUTA

Journal of NBC Protection Corps. 2025.V.9.No 1

KanbuusA uian nopomka CP-2Y B cOOTBETCTBY-
IOIMX peXMMaXx.

Bce o6opynoBaHme pa3MeleHO B sIIMKe OT
kommiekta BKCO (IK-4, AIICO), 4uTo mO3BO-
JIsIeT ePeBO3NUTH €ro Ha MITATHOM MecTe TI060ro
BoeHHOTro aBToMOOMsA, BTP nnu BMII u He Tpe-
OyeT [JONOMHMUTETBHOIO COITTACOBAHMSA IO pas-
MeleHuio Ha o0 bekTe BBCT.

OpueHTNpPOBOYHASA CTOMMOCTb CEPUITHOTO
usroropnenua kommnekra BKCCO cocrasut
okonmo 40 Twic. py6meit (6e3 ydeTa CTOMMOCTHU
YKJIaJJOYHOTO SIIVKa, OpaHACIONTA ¥ TOIIUB-
Horo 6aka). JIna cpaBHEHUA CTOMMOCTb KOM-
IVIEKTa aBTOHOMHBIX IPMOOPOB CIelVaNTbHON
o6paborky AIICO, BeITycKaeMOro B HacTOsAIIee
Bpema AO «HIIO «CIIVIAB» pgns KOMIIEKTO-
BaHMA 00bekToB BBCT coctaBnser mopsapka
250 ThIC. pyOei.

Ananus cymecrBytomux 6oprospix TCCO,
croamux Ha cHabxeHnu BC P® u apmwmit Be-
pymux crpan HATO, cBuperenbcTByeT o ToMm,
4TO OCHOBHBbIe, Haubo/lee MacCOBble, OTede-
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PucyHok 14 - BHewHuli sud0 Komnsekma cheyudsabHoli
obpabomku KCO BBCT. Aemopcmeo usobpayceHus npu-
Hadnewcum ®IBY «33 UHUUW» MO P® (npedcmasneHo
paspabomuyukamu KoMnsaekma)

Figure 14: Special treatment kit STK BBST. The figure is
borrowed from 33 Central Scientific Research Test Institute,
MD RF (provided by the developers of the kit)

CTBEHHBIe OOpPTOBbIe KOMIIIEKTBI (IpUOOpHI)
cnenyanpHoit o6paborku BKCO u AIICO Ttpe-
OyIOT MOJEepHM3ALMM B YACTYU UX KacaIOIIecs:
[0 CHVDKEHUIO CTOMMOCTU CEpPUIIHOTO IIPOM3-
BozcTtBa (mpubop AIICO), BHempeHUs COBpe-
MEHHBIX METONOB CIeLNaNbHON 006paboTKu
(xommnexT BKCO), pacmupenns nepedns npu-
MeHAEMBIX PaCTBOPOB (pelenTyp) clenanbHOl
06paboTKM U QYyHKIMOHATBHBIX BO3MOXKHOCTEN
B YacTM CAaHMUTAPHOI 0OpabOTKM IKMIaXkei, a
TaK)Xe o0ecledeHNMsA BO3MOXKHOCTU VX IpUMe-
HeHUS KaK OT aBTOHOMHBIX VICTOYHUKOB JaB-
JIeHM s, TaK ¥ OT 9HEPro- U ITHEeBMO- CUCTeM 0a-
soBbix maccu BBCT (AIICO, BKCO) [9].
HanpasieHus coBepluIeHCTBOBAHM A OTeve-
crBeHHBbIX 60pToBBIX TCCO. Crnenmanucramn

®I'BY «33 LITHUNNM» Muno6opousr Poccun
Obl1a MMOKa3aHa peajbHas BO3MOXXHOCTb M3rO-
TOBJIEHUS TIePCIeKTVBHOTO YHUBEPCAIBHOTO
60pTOBOrO KOMIIJIEKTA CIIeVIaTbHOM 06paboTKM
o6bexToB BBCT 1 caHuTapHoit 06paboTKM 9K1-
nakeit 06bekToB BBCT B rabapuTHbIX pasmepax
amuka ot Kommnektos BKCO (JIK-4, AIICO).

B To Xe BpemsA, HEOOXOAUMO OTMETUTD,
yro B Komiuiekte BKCCO MoryTr ucmnonbso-
BaTbCs TONBKO BOAHbBIe pacTBOpbl Ansa NI 3a-
pakeHHbIX oBepxHOCcTell BBCT. BosMoxHOCTD
UCIIONb30BAHNA CONbBEHTHBIX (Ha OpraHmdye-
CKOI1 OCHOBE) M IIEHHBIX PELeNTypP OTCYTCTBYET,
YTO CHIJKAEeT NepPCHeKTUBHYI0 3HAYMMOCTD yKa-
3aHHOTO KOMIUIEKTa. JTO OOBACHAETCA TeM,
yto B KomiimekTe BKCCO mcmonb3oBaH >KUJ-
KOCTHOJ HAcCOC, He IpeJHAa3HAYEHHBbIN [/ Ile-
peKauyuMBaHMUsA JKMAKOCTE Ha OpPTraHUYeCKOil
OCHOBe ¥ He 00ecIeYMBaIOMINIl JOCTaTOYHOTO
IaBlNeHMA B XMJKOCTHOM CcUCTeMe [ad pea-
IM3aLMM MeTofa OOpabOTKM «OpOIIeHVEM» U
IpUMeHeHU NeHHbIX penentyp. IIpu sTom, g
IIpMMeHEeH! NIEHHBbIX PeLlelITyp B COCTaBe KOM-
IJIEKTa JO/DKEH VIMETbCA BO3JYLIHO-IIEHHBIN
CTBOJI, pacyeT reoOMeTpUIECKMX XapaKTepUCTUK
KOTOpPOIO 3aBUCUT OT JaB/IeHNs, CO34aBaeMoro
B JKIJKOCTHOI CUCTeMe, I HOPMBbI pacxofia Iie-
HOOOpa3yoleil pelenTypsl, 4YTO MpeACTaBIAET
€060 OTHENbHYIO 3a/5a4Y.

YauTBIBas U3I0KEHHOE, A Ha/lbHENIIero
coBepumieHcTBOBaHMA KoMiiekTa BKCCO mnomna-
eTcs 11eecooOpasHbIM B €ro COCTaBe MCIOJIb-
30BaTh XMAKOCTHOI Hacoc (IIOMITy), B KadecTBe
MPOTOTHUIIA KOTOPOTO MOKET CIIYKNUTh HACOC, VIC-
II0/Ib3yeMblil B aKKYMY/ISITOPHBIX MUHIMONKAX,
Hanpumep AM-40/18 xkomnannuu «VIHTepcKoI».

TexHMYecKMe XapaKTepUCTUKI Hacoca Ipef-
CTaBJIEHBI B mabnuye 3.

AHanus JaHHBIX IPUBENEHHBIX B mabnuye 3
CBUIETENIBCTBYET O TOM, UTO laXKe MUHIMaJIbHOE
flaBleHNe XUJKOCTY, paBHoe 14 krc/m? mu ee
pacxop 10 4,9 1/MUH MO3BONAIT YCIEIIHO pea-
MU30BaTh B nepcrnekTuBHOM Komiekte BKCCO

Ta6nuua 3 - OcHosHble mexHUYecKue XapaKkmepucmuKu }XUOKOCMHO20 HAcoca u3 cocmasa
muHumotiku AM-40/18 Unmepckon
Table 3. Key technical features for fluid pump that is integrated into AM-40/18 Interskol pressure washer

N2
n/n/ HaumeHoBaHue xapaktepuctuku / Feature name KonuuectBeHHoe 3HaueHue / Value
No
1 Tun/ MeM6paHHbI, caMoBcacbiBatoLMUA /
Type Membrane, self-priminig
2 Mcnonb3ayemble XuakocTtum / Bopa, BogHble pacTBOpbI, OpraHnyeckmne
Employed liquids KoMnosuuum /
Water, water solutions, organic mixtures
3 KOHCTPYKLMOHHbIM MaTepuan / KoMno3uymoHHbIN /
Construction materials Composite
4 HanpsamweHue numaxus, B / 18
Power voltage, V

BecTHuK Borick PXB 3awmtbl. 2025. Tom 9. N2 1

SdOOYL NOILD310dd D9N 40 SNVIN ANV SNOdVIM

I9LUTMVE 9Xd XDM049 V910 T3dD U BUHIXKALOOS

87



BOOPY>XEHNA N CPEOCTBA BOUCK PXB 3ALLNTDI

88

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

MaxHu6opopga B.B., lopsayeB A.A., KpacHos A.E.
Mahniboroda V.V,, Gorjachev A.A., Krasnov A.E.

lMpodomkeHue mabnuywi 3

o
n/n/ HaumeHoBaHue xapaktepucTtuku / Feature name KonunuyectBeHHoe 3HavyeHue / Value
No
5 [MoTpebnsemas MowHOCTb, BT / 88
Power consumption, W
6 [laBneHune >XngKocTn, krc/m2 /
Fluid pressure, kgf/m?:
MWHUMabHoe / minimal 14
HOMWHasibHoe / nominal 25
MakcuMasibHoe / maximal 40
7 O61beMHbIN pacxo, >KUAKOCTH, 1/MUH / 49
Volumetric flow rate, I/min
8 TemMnepaTypa »XMAKOCTU Ha BXoze, °C, He 6osiee / 60
Input fluid temperatute, °C, no more than
9 Macca Hacoca, Kr / 0,42
Pump weight, kg
10 [a6apuTHble pasMepsbl (BbicoTaxgmaMeTp), M / 0,15x0,73
Dimensions (heightxdiameter), m
MpumeyaHue.
TabsmMua cocTaB/ieHa aBToOpaMu Mo AaHHbIM, MPeACcTaB/IeHHbIM Ha caiTe: shop.interskol.ru (aata o6pateHus: 15.09.2024).
Note.
The table is compiled by the authors per data provided by the web page (URL: shop.interskol.ru; date of access: 15.09.2024).

MeTOf, 00paboTKM 3apakeHHBIX IOBEPXHOCTEN
«OpolIeHneM», C UCIOIb30BaHMEM KaK BOJHBIX
OO pacTBOpOB, TaK U peLleNTyp Ha OpraHuYe-
CKOIJ1 OCHOBE.

s TIpuMeHeHMs B COCTaBe KOMIIIEKTa
HeHHBIX pelenTyp HeoOXOAUMO HPOBECTU
pacyeT TreoMeTpMYECKMX XapaKTepUCTUK BO3-
[YIIHO-IIEHHOTO CTBOMA’.

AnanormyHas 3ajjaya OblIa paHee pelIeHa
HPUMEHUTEIbHO K MapOXMJKOCTHBIM yCTa-
HOBKaM CIlellMajabHOIl 00pabOTKM C MCIONb30-
BaHUeM IeHoobOpasytoieii penentypst [IOP-CO,
HNPUHSATON Ha cHab)KeHMe BOICK B 2014 1. [10].

BosgymHO-meHHBbIt  CTBOJM, INPUHIUIN-
aZbHasA cCXeMa KOTOPOTro IT0Ka3aHa Ha pucyHke 15,
HpefcTaBasieT co00il CTPYIHBIN anmapar, B KO-
TOPOM B HallleM cy4ae pabodeli Cpemol CIyXUT
CMecChb BOJIbl, IEHOOOpa30BaTe/NIsl M XUMUYECKMN-
AKTMBHOIO KOMIIOHEHTA, a 3IKEKTUPyeMOi -
BO3/YX.

Pa6oTa BO3ZYLIHO-IIEHHOTO CTBOJA IPOMC-
XOAUT clepyomuM obpa3om. Pac-mblneHHas
CTPYs pacTBOpa, BbIIETAOLIAS M3 HaCAZKU-pac-
IbUINTENSA, 3aIlO/IHAET BCe CedeHue TPyObl U
ABUTaeTCs K BbIXofy. Ha cBoeM myTu oTje/nbHbIe
KaIlJIM pacTBOpa 3aXBaThIBAIOT BO3AYX U HACHI-
maoT uM crpyo. Kanmmm nepememmBarorcsa c

BO3/IyXOM IIO BCell JimmHe TPyOBI, 06pasys my-
3BIPBKM MEHBI.

Pacuer reomerpuyeckux mapaMeTpoB BO3-
AYLUIHO-TIEHHOTO CTBOJIA IPOBOAMTCA Ha OCHOBE
TEOPUM pacyeTa ¥ MPOEKTUPOBAHNUA CTPYNHBIX
ammapatos [11].

JJaHHBINI pacyeT CBOAUTCA K OIpeJeNeHUI0
njIomagy OTBepPCTUA HacajKa-paclblIUTeNs,
IJTOLIAiY CeYeHUs KaMephbl CMeIleHMUs, ee Jua-

PucyHok 15 - Cxema e030ywHo-neHHo20 cmeona. 1 -
omeepcmue 04151 IMEKMUPOBAaHUs 8030yxa; 2 - HACAOKA-
pacneliumesb; 3 - Kamepa cmeuweHusi (cxema paspabo-
maHa aemopamu no dAHHbIM U3 OMKPbIMbIX UCMOYHUKOS
cemu iumepHem)

Figure 15: A foam-making branch layout. 1 - a hole for
air ejection; 2 - a spray nozzle; 3 - a mixing chamber (the
layout was devised by the authors with the help of the open
sources data on the Internet)

2 TIpubopsI 1 anmaparsl IEHHOTO TYLIEHNsT: IEHOCMECHUTEIN, 03U PYIOLIyie BCTABKY, BO3/YIHO-IEHHBIE CTBOJIBI, IIe-

HOTEeHepaTOPB, IIEHOC/INBHBIE yCTpoiicTBa. HasHadeH1e, yCTPOIICTBO, TEXHIYECKIE XaPAKTePUCTUKI, IKCIUTyaTaliVst

u Mepsl 6e3onacHocTy pu pabore. URL: https://pandia.org/text/78/118/83055.php (mata obpamtenus: 07.07.2024).
OneMeHTHI pacyera neHoreHeparopos. URL: https://proizvodim.com/elementy-rascheta-penogeneratorov.htm/

(mara obpamenus: 07.07.2024).
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MeTpa M AJIMHBI, a TaKXe IUIOIafN OTBEPCTUIL
714 IOfICOCA BO3JyXa.

[Inomans OTBepPCTUs HACafKU-PACIbIIN-
TeNsl paccuynuThiBaeTcs o popmye (1):

(1)

rae S1 — IIoImaab CeYeHN A Haca Ku;

Qp - pacxop penenTypbl;

Y — K03 UIMEHT pacxofia pelenTypbl A
HacaJiKa-pacIblINTeN;

Hi - Hanop mepep cTBONIOM (HacagikoMm);

g - YCKOpeHMe CHUIIBI TSXKeCT.

Kosddunuent pacxoma penentypsl u onpe-
Je/sAeTCs B 3aBUCHMOCTU OT TUIIA UCIONb3ye-
MOTO HAcCaJKa-pacHbUINTeNsA U IPUHUMAETCS,
Kak ImpaBumno, pasHbim 0,98.

[Inomanp cedyeHMsA KaMepbl CMeIIEHUs pac-
cumuThIBaeTcs 1o gpopmyse (2):

@

rje Sz — IIOWafAb CeYeHM A KaMepPhbl CMeIleHN S;

S1 - momaab ceyeHU S HaCagKu;

P — KpaTHOCTD NEeHBHI.

KpaTHOoCTp meHBI [OMKHA BBIOMPATHCS
paBHOI 15 efUHNI, TAaK KaK 3TO MaKCHMaJIbHBIN
IIOKa3aTeb, KOTOPBI J[OCTUTaeTcss IpuU IO-
MOUIY BO3[YIIHO-TIEHHBIX CTBOJ/OB.

JuaMeTp KaMepbl CMellleHN s ol pefiensaeTcs,
UCXO/ A U3 3HAaUEHM A IJIOIAAY CedeHM A KaMepbl
CMellleHN s, HaiifjleHHol o ¢opmyre (2). JnmHa
KaMepbl CMellleHMA IpUHMMaeTcsA paBHoit 15-20
ee [MaMeTpaM.

ITnomanb oTBepCcTHit A MOACOCA BO3AyXa
paccunuThIBaeTcA mo gopmyire (3):

©)

rge Ss — IJIoIab OTBEPCTUIL IS MOJCOCa BO3-
nyxa;

P - KpaTHOCTb MEHBI;

Qu - pacxop neHbI;

V - ckopocTb IOTOKa BO3yXa.

CKOpOCTb HOTOKa BO3JyXa INPMHNIMAETCA
pasHoit ot 130 g0 150 M/c.

Takum 06pa3oM, ¢ UCIOTb30BAHNEM TEOPUN
pacyeTra CTPYWHBIX aIIapaTOB MOIYT ObITh
omnpefeneHbl OCHOBHBIE TeOMeTpUIecKe Xapak-
TePUCTUKY BO3JYIIHO-IIEHHOTO CTBOJA, BKIIIO-
YyeHe KOTOPOTO B COCTaB IIePCIEKTUBHOTO IIPU-
6opa BKCCO, HapsAnRy ¢ XMUJKOCTHBIM HacOCOM
(momIIoit), 06ecmeYnBaIOIINM peannusanuno Me-
Toa 0O0paboOTKM «OpoOIlleHNeM» KaK BOJZHBIMMU
TaK OpPraHMYEeCKMMM pelenTypaMy, IIO3BOIAT
CYIIeCTBEHHO pPAacIIVPUTh BO3MOXHOCTU yKa-
3aHHOTO Ipudopa.

3aknoyeHne

CoBeplLIeHCTBOBaHME OOPTOBBIX TeXHMYe-
CKUX CPeACTB CIelManbHOIl 00paboTKM 00b-
eKTOB BOOPY)XEHMNS, BOGHHOJ ¥ CIelyanbHON
TEeXHUKM MIOKHO ObITh HANpaBIeHO Ha IIO-
BbllIeHNe 3Q(EKTUBHOCTY CIlelManbHO 00-
paboTKM, CHIDKEHME TPYJOEMKOCTH, pacXopa
peuentyp u pacuimpenue (GyHKIMOHAIbHBIX
BO3MOXKHOCTell. B mepcrmekTuBHOM 60pTOBOM
KOMIIJIEKTe CIeIMabHOI 00paboTKM 00beKTOB
BBCT pmomxHa OBITH peanu3oBaHa BO3MOX-
HOCTb MCIOTb30BAHNs BOJHBIX, COMbBEHTHBIX
U TIEHHBIX PeLenTyp, a TaKXe obecredeHa BO3-
MOXXHOCTb CaHUTapHOI 00paboTky (rurmeHn-
YeCKOI IMOMBIBKM) AMYHOTO COCTaBa SKMUIIaKell
BBCT. [Ina nmpuMeHeHMA B COCTaBe IepCIIEK-
TUBHOTO KOMIIJIEKTA TEHHBIX PEeLeNTyp B €ro
COCTaB HeOOXOZVIMO BBECTM IKUIKOCTHOIN
HACcOC, 00eCHeYuBAINNII B >KUILKOCTHOM CU-
CTeMe JjaBlieHUe He MeHee 14 Krc/M?, M BO3yII-
HO-TIEHHBIII CTBOJI, PacyeT TeOMeTPUIECKIUX I1a-
paMeTpoB KOTOPOTO MOXKET ObITh HpOM3BeNeH
C UCIIO/NIb30BAaHMEM TEOPUM pacyeTa CTPYIHBIX
aImaparos.

Ozpanuuenus uccnedoéanus / Limitations of the study

JlaHHBI aHAMUTUYECKNIT 00630p MMeeT Psifi OTpaHMYeHNIT, a MMeHHO: 1) VIccmenoBanms Mo BO3MOXXHOCTH
CO3[jaHMsI IIEPCIEKTHBHOIO OOPTOBOrO KOMIIIEKTa CIIEManbHON 00paboTkyu o6bvexToB BBCT u canmrapHOIL
06pabOTKM MYHOTO COCTaBa SKMIIAXKell 6OEBBIX MAIH OCHOBBIBA/IVCH Ha OIBITE M3TOTOBJIEHNUSA JeIICTBYIOLIe-
r0 IPOTOTHUIIA, Pa3MEIIeHHOTO B rabapUTHBIX pasMepax yKaagouHoro siguka kommtekta BKCO (IK-4, AIICO).
2) IpenmoyxeHys 10 peaIn3aLny B HeM COBPEMEHHBIX METOJO0B CIIEI[aIbHOI 00pabOTKM OCHOBAHbI HA CIIO/NB30-
BaHUU IIPUHATHIX Ha cHaOxeHye BC PO pactBopos (penentyp). 3) [l saBepleHNs UCCIefOBaHNIT HEOOXORNMO
B COCTaB IIPOTOTHUIIA BBECTHU XUIKOCTHOIT HAcOC (IIOMITY), M3TOTOBJICHHBIN U3 KOMITO3UI[MOHHBIX MaTePHUaIOB VTN
APYTUX CTOMKMX K OPraHMYIeCKIIM PACTBOPUTE/ISIM MaTepHajIoB, 1 00eCIIeunBaIOI il JaBIeHIe KUIKOCTY OPsIIKa
14 xrc/M* U BBI1IE, @ TAK)KE PACCINTATD FT€OMETPUIECKIIe XaPAKTePUCTIKY, USTOTOBUTH BO3[YLIHO-IIEHHBII CTBOJ
IIPOBECTHU COOTBETCTBYIONVe McnblTanyA KoMiulekTa / This analytical review has a number of limitations, such as:
(1) The author have studied the possibility to create a promising on-board set for special treatment of armaments and
military and special purpose equipment and personnel decontamination (sanitizing). These studies were based on
the experience of production of working prototype that was placed in dimensions of packing box for the SST (DK-4,
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IDST). (2) The authors suggested that this prototype should use modern special treatment methods. These methods
have been elaborated using special solutions (formulae) that have been employed by the Armed Forces of the Russian
Federation. (3) To continue and complete these studies we should incorporate into this prototype a fluid pump made
of composites or other materials that are resistant to organic solvents and are able to maintain fluid pressure of
14 kgs/m* or above as well as to determine geometric properties, construct air foam maker and conduct corresponding
tests for the kit.
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OcHOBHbBIE MOMEHTBI

CyurecTByeT HEOOXOAMMOCTD COBEPIIEHCTBOBAHVISI [TOfXO/0B YAA/IEHVsI PafAVOAKTIBHBIX BEIIECTB C 3apasKeHHbIX
HOBEPXHOCTeI!, BO3HMUKAIOMINX B XOfie [IesATeIbHOCTI KaTacTpod Ha sepHBIX 00beKTax ¥ IPVMEHEHNs SIePHOTO
OpyXus.

AxmyanvHocmp. B mpoliecce CBOEro 9BOMIOLMOHHOTO PAa3BUTVsI TPALMIIMOHHbIE TEXHOMIOTUN CIIELMaIbHOI 06pa-
6OTKM IOJOLUUIN K MOTEHINAIBHOMY TEXHOIOTMYECKOMY IIPefleTy 1 He BCErZja B IIOHOI Mepe YOB/IETBOPSIOT HY-
/1aM Boiick PXB 3aIuThl 110 TEXHOIOTMYECKIM, TEXHIKO-9KOHOMUYECKIM U 9KOJIOTMIECKIM TI0Ka3aTe ISsIM.

Llenv pabomvi — OLEHUTD PENMYIECTBA IPYMEHEHNS 9IEKTPOMATHUTHOTO M3/TyYeH s 1asepa Ajisl fe3aKTUBaLu
3arpsI3HEHHbIX TOBEPXHOCTEIL.

Mamepuanvt u menoovt uccnedosanus. VICIonb3oBatuch aHIIOA3bIYHbIE CTOYHUKI, JOCTYIHbIE Yepe3 6asbl jaH-
HbIX Google Scholar. Ananus nadopmanyy IPOBOAMIICS OT YaCTHOTO K 0011eMy. PaccMaTpyBaIich IPUHIINIIBL 97IeK-
TPOMATHUTHOTO U3/TyYeHNs.

O6bcyscoenue. Tepmudeckye CrIoco6bl CIeIMaNTbHOI 00pabOTKI OCHOBAHBI Ha MOf{BOiE K 3arpsI3HEHHOI (3apakeH-
HOIT) TIOBEPXHOCTY BEICOKOMHTEHCUBHBIX IIOTOKOB 9HEPIMN B BIIfie CBeTOBOro nanydenus VIK-auanasona, o6paborke
HOBEPXHOCTY BBICOKOTEMIIEPATYPHBIM [a30BBIM IIOTOKOM U T.II. DTO SIBJISIETCSI OCHOBHOII IIPEIIOCBUIKON IS Ae3aK-
TUBALMY 00BEKTOB BHICOKOTEMIIEPATYPHBIM BO3JIEIICTBIEM — /IEKTPOMATHUTHBIM M3/Ty4eHUEM C MCIIONb30BaHIEM
nasepa. JlazepHas fe3aKTVUBALUs [AelaeT BO3SMOKHBIM He TOJIKO CHYDKEHNE JJO30BBIX HATPY30K Ha IMYHBII COCTAB,
HO 11 MOXeT 00eCIednTsh BO3BPAT B IPOM3BOCTBO IIPUMEHSIEMOII IIPY IMKBIAALNY [TOCIENCTBII TEXHOTEHHBIX Ka-
TacTpod FOPOroCTOsIeil TEXHNUKI. B CBsI3M ¢ 9TMM BO3HMKAET 3aKOHOMEPHBIII BOIIPOC BO3MOXHOCTIL ¥ I{e/1eco-
06pa3HOCTY ITPUMEHEHNS /Ia3epOB IS peanusanuy crernyanbHoi obpaborku BBCT. Xopotueit nHTerpupyemMocTn
BOJIOKOHHBIX JTa3€POB B TEXHOJIOTHIO CIIEL[MAIbHOI 00PabOTKI CIOCOOCTBYET BO3MOXXHOCTD TPAHCIIOPTUPOBKIY JTy4a
jla3epa 110 OIITOBOJIOKHY HA PACCTOSIHME B HECKONIBKO [IeCSITKOB METPOB IpaKkTmdecku 6e3 morepu momjroct. Ot-
CYTCTBIE B BOJIOKOHHBIX /Ia3epax IOCTUPYEMbIX Y3/I0B, @ TAK)KE PACXOJHBIX 9/IEMEHTOB 1 MaTepIaroB 0becednBaeT
BBICOKYIO HaIeXXHOCTD UX pabOTBIL.

3axntouenue. CoBpeMeHHbIE OIITOBOTIOKOHHBIE JTa3ePbl IMEIOT HeGOIbIIINe TeOMeTPIUYEeCKIie pasMepbl, HUSKOe SHep-
ronoTpebsieHe, HeOOIIBIION BeC, He TPEOYIOT CO3AAHNSI CIIEI[A/IbHBIX YC/IOBUIL 10 KIMMATIIeCKIM XapaKTepPUCTHU-
KaM M 3arpsI3HEHHOCTY aTMOC(EPHI, T0TOMY, KaK OXWUIAETCsI, JOCTATOYHO JIETKO MHTETPUPYIOTCS B TEXHOJIOTIYe-
CKUle JIMHUY TEXHIYeCKIX CPEfCTB CHeLNaIbHOM 06paboTKu.

Kntouesvie cnosa: 80710K0HHDbLE nasepol; pabuoanmueﬂoe seuiecmaeo; cneyuanvHasa 06pa60m1<a; mexHuueckoe cpeb-
CMeB0; INEKMPOMAZHUIMHOE U3TTyUeHUEe

Insa yumuposanus: Xaumos B.I1., Cepeees K.B., Ocunos B.B., Paukosa O.A., Ezopos E.Q. [leakmueayus 3a2psa3HeH-
HbLX MEMANTIUMECKUX NOBEPXHOCINETL C NOMOUsbI0 UMNYTbCHBLX IA3ePHBLX Yemano80K. Becmnuxk eoiick PXB sauwumuL.
2025;9(1):92-100. EDN:atbjyw.
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Highlights

It is necessary to improve methods that permit to eliminate radioactive substances from surfaces that are being
contaminated as a result of nuclear industry activity.

Relevance. In the course of development, conventional decontamination methods have reached their potential
technological limit and nowadays may not totally meet the needs of Russian NBC Protection Troops in technological
technical, economic and ecological aspects.

Purpose of the study is to evaluate advantages of laser electromagnetic emission in terms of contaminated surfaces
deactivation.

Materials and methods. The authors of this paper have analyzed the English language sources available on Google
Scholar. Particular-to general analysis was employed. The article has addressed electromagnetic emission laws.
Discussion. The essence of thermal decontamination methods is that contaminated surface is treated with energy
flows of high intensity in the form of infrared light emissions or hyperthermal gas flow, etc. This is the basic premise
for deactivation of items by hyperthermal impact or electromagnetic emission to be exact. It should emphasized
that deactivation by laser permits to decrease radiation burden for military personnel as well as helps to return to
production expensive equipment used to eliminated the consequences of technological disasters. Considering the
mentioned above, we should think over the possibility and necessity of use of lasers to decontaminate armaments
and military and special purpose equipment. The optical fiber lasers can be easily integrated into processing lines for
decontamination devices due to the fact that a laser beam can go along optic fiber at a distance of several tens of meters
without losing power. There are no adjustable knots and expendable materials in optical fiber lasers, that is why they
are very reliable and efficient.

Conclusions. Modern optical fiber lasers have small dimensions, low power consumption and low weight. They don’t
require special climatic or air clarity conditions that is why they are supposed to be easily integrated into processing
lines for decontamination devices.

Keywords: optical fiber laser; radioactive substance; decontamination; device; electromagnetic emission
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Y4uuThIiBasi BO3MOXKHBIE MAacIITabbl 60eBOTO
IPUMEHEHUSA OPYXUA MACCOBOTO IOPa>XKEHMS
(OMII), a Tak)Xe TPYHZOEMKOCTb U HalIm4ue
00/IBLIOrO KOMMYECTBA ITANOB Mpoliecca fe3ak-
TUBAIMA, MOXXHO TOBOPUTH O TOM, YTO IIPOBe-
JleHMe JaHHOTO MepONpHUATHA Ha YPOBHE CO-
BpeMEHHBIX TpeOOBaHMIT, KaK IO CPOKaM, Tak
U 10 TeXHNYeCKO 3P (PEeKTUBHOCTY BO3MOXKXHO
TOJBPKO TIPU HAMUYUM COOTBETCTBYIOLIEN CU-
CTEeMBI CPe[ICTB U CIIOCO60B crennanbHoO obpa-
6otku [1].

Llenv pabomvi - OLEHUTb HpeNMYIIecTBa
HpPUMEHEHUs 3MeKTPOMAaTHUTHOTO WU3NITy4eHMUs
Masepa J/iA Ae3aKTUBAIMM 3aTPA3SHEHHBIX IIO-
BEPXHOCTEI.

Mamepuanv u memodvt uccnedosarus. Vic-
IOTb30BA/INCh AHITIOA3BIYHbIE MCTOYHUKIY, JO-
CcTymHble 4epe3 6aspl jaHHbBIX Google Scholar.
Ananns yHGopMaL MK MPOBOAUICA OT YACTHOTO
K obumemy. PaccMaTpuBanuch NpUHLNIIBL 97I€K-
TPOMAarHUTHOTO u3nydeHus. [lepBUYHBII TOUCK
ny6nIMKanuit IPOBOAUIICS C MOMOIIBIO JIOTHYe-
ckux omepatopoB: Radiological contamination;
Decontamination  methods; Laser beam
decontamination; Laser cleaning; Fiber-optics
lasers. PydYHBIM HOMCKOM ¥ JWCCIeZOBaHMEM
O6ubnuorpaduy HalZeHHBIX MCTOYHMUKOB, OT-
OMpanuch VMCTOYHMKM, pe/leBaHTHbIE LI MC-
cnepoaHus. Ilocme ypaneHust AyOMIMKAaTOB U
Hepe/leBaHTHBIX MCTOYHMKOB ocTanoch 23. JIx
aHa/IN3 IPOBOAMIICA OT YaCTHOTO K 00IIeMy.

CpenctBa m  cmoco6bl  cmenuanbHOI
o6paboTku

ITopm cucTeMolt cpefcTB M crocoboB crenu-
aJIbHOI 00pabOTKY HY>KHO ITOHVMATh COBOKYII-
HOCTb 3aKOHOMEPHO CBSI3aHHBIX MEXAY 0001
cr10co60B 006pabOTKM M TEXHUYECKUX CPEACTB,
HpeJHa3HAYeHHBIX, B TOM YUC/Ie, I [e3aKTu-
BaLlMI.

OdeBMHO, YTO OAOOHAS CUCTEMA YKe pas-
paboTaHa U BHe[jpeHa B BOJICKa, HO BOIIPOCHI ee
IIOCTOSIHHOTO COBEPIIEHCTBOBAHUA MOTYT pe-
IIAThCA TONBKO Ha 6a3e YeTKOTO Npe/CTaBIeHN
M TOHMMaHNUS HAyYHO-TEXHMYECKUX OCHOB
CHenyaabHOM 06paboTKI.

JlaHHbBIE OCHOBBI IPE/ICTABIAIT CO60T COBO-
KyITHOCTb 3HaHUII O:

- 3aKOHOMEPHOCTAX M MeXaHU3Max Ipo-
IIeCCOB 3arpsisHeHMs (3apakeHWs) U Je3ak-
TuBanuu (fgerasanuu, me3uHOEKIUN) TeX WU
MHBIX 00'bEKTOB;
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- peureHuM 3apmad, 00eCMeYMBAMILNX CO-
3[[aHMe U COBEPIIEHCTBOBaHME CUCTEMBI CIIO-
co00B U CpeAcCTB Je3aKTUBanum (fmerasarumn,
me3suHbeKnun).

ITpu 5TOM 0CO6EHHOCTY PaMOAKTUBHOTO 3a-
rpsA3HeHNsT 00 beKTOB, GU3NKO-XUMUIECKIE OC-
HOBBI CIIOCOOOB [€3aKTUBAIMM, BO3MOKHOCTH,
3¢ PeKTUBHOCTD M OPTAaHM3AIMOHHbIE (POPMBI
ee MPOBeJEHN s, a TAK)Ke TeHJeHI[UU Pa3BUTUSI
me3aKTUBANUU 6a3MpOBaINCh MOATOe BpeMs Ha
OIIBITEe IPOBEeEeHNsI MAcIITaOHBIX paboT moce
YepHOOBITBCKOT KaTaCTPOQBI.

K HacTos1eMy BpeMeHM IOSBUIOCH MHOTO
MPaKTUIEeCKOTO0 MaTepuana MO [e3aKTUBALUK
PafiOaKTUBHO-3aTP3HEHHBIX OOBEKTOB, Tpe-
Oyromero 060061eHns 1 oLeHKN [2-4].

Cremyer OTMeTUTb, YTO (YHKIVOHUPO-
BaHME ATOMHBIX 3JIEKTPOCTAHIUI, POTAIUS
UCYepIaBIINX CBOJ Pecypc y3/I0B U arperaros,
JIOTUCTUYECKOE TIepeMelljeHne SI[EPHOTO TO-
I/IMBA, IIPOU3BOACTBO SIJ€PHBIX OOEMPUIIACOB —
HpOIecChl, TpeOylolye IOCTOSHHOTO OTCIeXN-
BaHUs U OLIEHKM COCTOSIHUS YKa3aHHBIX 00b-
eKTOB, a TaK)Xe IPUMeHEeHNUs COBPEMEHHBIX U
3¢ PeKTUBHBIX TEeXHOJTOTMYECKNX IMKJIOB [ie-
3akTUBanum [5].

ITo sToil npMYMHe OJHON M3 IIIABHBIX 3aJa4
ABJISIETCSA BO3BPAT K NEPBOHAYA/IBHOMY COCTO-
SHUI0 pagyalMOHHO-3arPSI3HEHHBIX B POIecce
S/IePHO-TOIIMBHOTO I[MK/Ia KOHCTPYKIVIOHHBIX
MaTepuanoB M Y3/I0B, MX [ajbHeilliee (QyHK-
[MOHAJIbHOEe IIpuMeHeHMe. Ilpum mpoBemeHUN
ITAHOBBIX, PErIaMEHTHBIX PabOT Ha 3TEKTPO-
CTAaHUUAX MPOUCXOAUT CKOIUIEHME OOIBIIOrO
KO/MYeCTBAa C/IOKHBIX B M3TOTOBJIEHUM, JOPO-
TOCTOSIIIMX PafMalMOHHO-3arPsI3HEHHBIX KOH-
CTpyKLui [6].

ITpu sTOM CrenmanucTaMyu MPUHITO KJIac-
cudunupoBaTh 3arpsA3HeHuUs pajualueil Ha
«HaBeJIEeHHYIO» pafMalMi0 ¥ IOBEPXHOCTHBIE
3arpsasHeHusA. K mociefHeMy OTHOCAT CBbIIIe
80 % 06beKTOB, MOABEPrIINXCA 3arpsA3HEHUIO,
rge yactuipl papguonyknupos (PH) HaxomsaTcs
B IIOBEPXHOCTHOM CJIO€ U MOTYT OBITH yJaneHbl
6e3 gecTpykuuu obpabareiBaeMoro oobexra [7].

[Toka3aHO, YTO MOKPBITUS ¥ TUIEHKU TOJI-
munoit 120-180 MkM, comepskat 6omee 90 % PH,
3arpsA3HAILINX METa//INYECKYI0 MOBEPXHOCTb.
MaccoobMeHHble MexaHU3MBbI AupPy3uu BbI-
3BIBAIOT MPOHMKHOBeHMe YacTu PH u3 nmienku B
KPUCTAJ/INYECKYIO pelIeTKY MeTaJl/IONO/IOKKH,
TeM CaMbIM [efas 3arps3HeHue TITyOOKUM.
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OuncTKa KOHCTPYKLINUYM OT KOPPO3UOHHOI IIjTe-
HOYHOJ COCTaBJAIOLIel CIOCOOCTBYeT CHMU-
JKEHUIO YPOBHSA €€ PaJMOaKTUBHOCTI U CO3/laeT
HPeAINOChUIKM OCIeYIOIIero NpuMeHeHus 6e3
yI'pO3bl BTOPUYHOTO 3arps3Henus [8-10].

B ucropum pasBuTmsA cHenuanbHON obpa-
60TKM M3BeCTHa Macca CIOCOOOB MPOBeEeHMs
Je3aKTUBALVV, HaleIeHHBIX CBOMMM JIOCTOMH-
CTBaMMU M HeJOCTAaTKaMMI: CTPYeil BOABI, IeHAM,
copbeHTaMM, abpasuMBHBIN OONYB, YIbTPa3BY-
KOBas Je3aKTuBanusa u T.h. [11].

CoBpeMeHHasl fe3aKTUBAILMIOHHAs METOJHO-
JIOT¥UsI TOBEPXHOCTHBIX pafnoakTuBHBIX (PA)
3arpsA3HEHMUI BKIIOYAaeT XMMUYECKMUI U IJIEK-
TPOXMMMYECKUIT METO/bI, peanu3alis KOTOPbIX
HPUBOAUT K 0Opa3soBaHNIO OTPOMHOIO KO/IN4Ye-
CTBa )KUJKUX OTXOJOB.

Hanpumep, mpu [e3akTMBanuu Xumude-
CKMM MeTOJOM KOMIIOHEHTOB KOHTypa AJC
¢ peakropom PBMK o6pasyerca mo 5000 m’
KUAKUX PafMoOaKTUBHBIX OTXOHOB. VIX mocie-
Aylolas nmepepaborka noTpebyeT 6OMBLUINX 9KO-
HOMUWYECKNX, TEXHOJOTUYECKUX M TPYJOBBIX
3aTpar, He TOBOPS y>XXe O MEpPOIpPUATUAX IIO
obecIie4eHNI0 pafiMaIMOHHO U 9KOTOTMYeCKOIl
6esomacuoctu [12].

JIazepHasA #e3aKTMBAIMA MeTa/IMYeCKUX
NOBEPXHOCTEN

Becomoit anbTepHaTHBOW XMMWYECKON Te3-
aKTUBaLMM, M JPYIMM TpPagUIMOHHBIM Me-
TOfaM, ABIAETCA Ja3epHas [e3aKTUBaLUA Me-
Tal/INYEeCKUX ITIOBEPXHOCTEN, MpM KOTOPOIi
o6muit 06'beM TBeproit ppakiuu PA oTx00B He
npesbimaer 2 m* [13].

IlepBonavanbHo B Poccuiickoit @epepanunu
3aflava /le3saKTMBAl MM 371eKTPOMArHUTHBIM M3-
Ay4yeHMeM Hadana pemarbcd eme B 2002 ropy
HUN «IIpomeTeit» AMsA yTUAM3AL UM aTOMHBIX
cyomapuH. COTpyAHUKaMM MHCTUTYTA ALePHON
¢usuku B l'aTunHe ObI/1a OpraHn3oBaHa nabopa-
topusa «J/lasepHoit [lesaktupauunu». B Heil BbI-
HOJTHSIACH TTePBbIe pabOThI U 9KCIIEPUMEHTHI 110

HpUMeHeHUI0 MCTOYHMKOB DM pia odmcrknm
9/IEeMEHTOB aTOMHBIX TOANOAOK. JlasepHas
YJUCTKA OCYIIeCTBAANACh B KaMepe C Heobxo-
OVMBIMU YCTIOBUAMU 3aLIUTBI OT U3NYYEHUST U
crenuanbHOM BeHTUIAnNi [8, 14].

Onruvecknit KBAHTOBBINI TeHepaTop OBII
YCTAHOBJIEH BHE JJAHHON KaMephl, 1a3€PHbIN 1y4
nojaBancad K o6pabaTbiBaeMoOil IOBEPXHOCTU
yepes VJITIOMUHATOP (pucyHox 1).

BbITo mpuUMeEHEeHO YCTPOWCTBO, TeHepu-
pymooliee 3/MeKTPOMarHUTHOe W3JIy4YeHNe B
AMamasoHe IJIMH BOMTH OT YIbTpaduonIeTo-
BOTO 70 MHQPAKPacHOrO 3a CYeT BBIHYXKJEH-
HOTO MCIIYCKaHNMA WIM pacCessHMs CBeTa ak-
TUBHOW Cpefoil, IMOMEIIeHHO! B ONTWYeCKUIl
pe3oHaTop.

JlabopaTopHble MCIIBITAHNSA MTO3BOIMIN CHe-
JIaTh BBIBOZ O BO3MOXKHOCTHU U 3(pPeKTUBHOCTU
Ja3epHONl Me3aKTMBALMM. YPOBEHb 3arpsAs-
HEeHUII Ha MeTa/lIN4ecKoil IOBEePXHOCTY JleTanu
CHU3WJICA IO YPOBHA, He NPEBBINIAIOIIEro Mpe-
IeMbHO JOIYCTUMBIX KOHIeHTpauui. Takyio
He3aKTUBALNIO CTIeiyeT CYNTaTh 3P PeKTUBHOIL.
KonuuecTBeHHas oueHka 3¢)QPeKTUBHOCTU JIa-
3epHOIl [le3aKTUBAIMM IpUBefleHa Ha rpaduke
(pucynox 2) [7, 15].

OJIeMeHT y3/1a aTOMHON CyOMapuHBI ITOCIIEe
Ja3epHOI [le3aKTUBAINM NIOKa3aH Ha pUCyHKe 3,
Ha KOTOPOM HaI/ISITHO IpefCcTaBIeHa OTAUYMU-
Te/IbHAsl 0COOEHHOCTb IPUMEHEHVs ONUChIBae-
moro noaxona. Ha paspese ysna, ykasaHHOro Ha
pucyHke 3, IpefCTaBIsETCA BO3MOXHBIM YBHU-
IeTh OIYTUMYI0 PasHMILY, Te C/eBa IpefcTaB-
7eHa 00/acTh 97IeMEeHTa aTOMHON CyOMapuHBI
HOC/Ie Ie3aKTUBALNY C IPUMEHEeHNeM 3IeKTPO-
MarHUTHOTO MMIIY/IbCa, a CIIpaBa — 6e3 Heo6xo-
BuMoit 06paboTKM.

Crnenyrommm 3TalioM CTalo NpUMeHeHe MO-
OVIBHOTO JTa3ePHOTO KOMIIZIEKCa, paboTaloliero
B VMIMIIY/IbCHO-IIEPUOANYECKOM peXMMe C JIIN-
Te/IbHOCTbIO UMITY/IbCOB 10 HC.

B HacrosAmee BpeMs /asepbl, OCHAIleHHbIE
ONITOBOJIOKOHHBIMY CHCTEMaMM MIOCTAaBKM W3-

PucyHok 1 - lpumep o6pabomaHHoz0 Memannuyeckozo usdenus (A), kamepa nasepHoli dezakmueayuu (B) (pucyHok

nodzomoeseH asmopamu no [8])

Figure 1: (A) A treated metal product, (B) laser deactivation chamber (the figure is compiled by the authors according to [8])
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PucyHok 2 - KoauyecmeeHHas oueHka s¢ppekmusHocmu
nasepHoli 0ezakmusayuu, 20e ho ocu opouHam npeocmas-
/sieHa naow,adb pomo nuka, a Ha ocu abcyucc NoKAas3aHwl
3esieHeHble U besable 0baacmu, onuceigaroujue 3chgpekmus-
Hocmb o6pabomku «[Jo 0ezakmusayuuy, «llocae dezakmu-
eayuu» coomeemcmeeHHO (PUCYHOK no0zomoesieH asmo-
pamu no [8])

Figure 2: A quantitative evaluation of laser deactivation
efficiency, where Y-axis presents the photo peak area,
and X-axis presents green and white regions that mean
the treatment efficiency “Before deactivation”, “After
deactivation”, respectively (the figure is compiled by the
authors according to [8])

JTydeHUsI B 30HY 00pabOTKM U MMeloLiue He-
OonplIVe TeoOMeTpUYeCKre pasMepsl, OTKPBIIN
HOBYI0 TEXHOJOTMYECKYI0 CTPaHMUIy pas-
BUTKSI U BHEJPEHNUs Ja3epPHBIX TEXHOIOTWII
B chepy cmenmanpHOit 06pabOTKM 06BEKTOB
(pucynox 4) [16, 17].

OcHoBOIT MeXxaHHU3Ma JIa3epHON Je3aKTU-
BallMy MMIIYIbCHBIMM JIa3€PHBIMU YCTAHOB-

PucyHok 3 - dnemeHm y3aa amomHoli cybmMapuHbl nocse
/asepHoli 0e3akmueayuu (PUcyHoK no020moesieH asmopa-
Mu no [8])

Figure 3: A part of nuclear submarine unit after laser
deactivation (the figure is compiled by the authors
according to [8])
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PucyHok 4 - JlasepHas pyuyHas mawuxa 100 Bm (pomo-
2pacus u3 apxuea ®rKBOYBO «BA PXB 3awumol» MuHo-
60poHbl Poccuu)

Figure 4: A laser power hand tool 100 Wt (the photo is taken
from the archives Military Academy of Nuclear, Biological
and Chemical Defence named after Marshal of the Soviet
Union S.K. Timoshenko of the Ministry of Defense of the
Russian Federation)

KaMU SIB/ISIIOTCS Harpes, MCIIapeHue ¥ abasanus
MaTepuana ¢ ob6pa3oBaHMEM IIa3MBbl, a TaKXKe
OBICTpOE TEIIOBOe pacliMpeHMre U BO3HUKHO-
BeHMe YAapHBIX BOTH [18, 19].

Ilpn sToM cBeuyeHMe IIa3Mbl U aKycTHUYe-
CKMIT CUTHAaJ B BO3JyXe MOIYT OBITb MCIIOb-
30BaHBl [ KOHTPOJA PEXMMOB U CTEIEeHU
ounctku (pucyHok 5).

PucyHok 5 - MoHu3supoeaHHbili 2a3, obpasyrowjulicas npu
/a3epHoli ouuCmKe nogepxHocmu (PUCYHOK no02omoesieH
asmopamu no [17])

Figure 5: An ionized gas generated during surface
laser treatment (the figure is compiled by the authors
according to [17])
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YpesmieHoOYHas le3aKTUBaLA

CTONT yd4ecTb, YTO Ba>XHBIM TE€XHOJIOTHYe-
CKUM KpUTepUeEM 3[eCh ABNAETCA BO3MOXKHOCTD
yIaBIMBaHMUA NMPOAYKTOB Ae3aKTUBALVYU, POp-
MUpyeMbIX paboumm opraHoM. B 9Toit cBs3M
paspaboraH crmoco6, 3aKIIYAIIUICA B 00-
paboTke  pafManMOHHO-3aTPA3HEHHBIX  IIO-
BEPXHOCTell CKBO3b IpO3payHble [jsd Jasep-
HOTO M3JTy4eHUsA IONMMepHble cOpOupyolye
mrenku [10, 20].

YcTaHOBNIEHO, YTO pajMalliOHHOE 3arpss-
HeHMe MeTaJI/IMYeCKUX IOBEPXHOCTEN IpefIo-
naraeT HakormieHue Gonbuiero xonmyectBa PH
B oObeme, oOpasymomieiici Ha IIOBEPXHOCTH,
OKCHUIHOI IeHKU. Ee KOMIIOHEHTHBINI COCTaB
nuddepeHIMPOBaH: pa3IMYHbIe KOPPO3MOHHBIE
HPOAYKTHI, COeJMHEHUA KabLIUA U IPyTHe 3Ie-
MeHTHI ¢ BKaouenusamu PH [15].

Yame Bcero o0pa3oBaHMe TaKMX IIIEHOK
HPONCXOAUT BCIeACTBME AUPEPY3MOHHOTO IIO-
TOKa 1 OT/IOXeHMsA PA mpopykroB B xofie Kop-
pO3MM MeTa/IN4Y€eCKOI MOBEPXHOCTH.

B sTtoM cnyyae HepacTBOpMMBIE HNPOAYKTbI
KOppO3MI OT/JaraloTcsd HeNOCPeJCTBEeHHO U3
UMPKY/IUPYIOIIEro TeNJOHOCUTeNA, a pac-
TBOPMMBbIE — IO NOCTVDKEHNUM OIPENeIEHHOTO
YPOBHSI KOHIEHTpPallMy MOHOB Te€X VMM MHBIX
XUMUYECKUX 37IEMEHTOB.

Ind paHHOW IUIEHKM XapaKTepHa [ByX-
CloiiHasg CTpyKTypa. Ha meramnmyeckoil mop-
JOXKe oOpadyeTcss [OCTaTOYHO IIOTHBIN,
CIIOIIHOM CJIOW, ¢ KOTOPBIM CONIPSXKEH IOpM-
CTBINI Hapy>XHBI (pucyHok 6). VimenHo abcop-
OLMOHHBIN HMOPUCTBINI HAPYXXHBIN CIIOV MMeeT
KII09eBO€ 3HadYeHMe B CKOIUIEHMM Ha IOBEpX-
HOCTM pagMaI[MiOHHBIX UCTOYHUKOB [21, 22].

Vmerommecsas naHHBIE CBUJETENbCTBYIOT O
Na3epHOI Je3aKTUBALUM KakK 00 apdekTuBHOM
U IpOM3BOAMTENBHOM IIpoljecce, C YKa3aHUEM
Ha 0053aTeIbHOCTD B XOfe ee IpOBeleHMs
HPO3payHbIX MANA U3AyYeHUs COpPOMPYIOLIUX
nneHoK. IlepBoHavanbpHBIN ypOBeHb pajualy-
OHHOTO 3arpsA3HEHUs IMOBEPXHOCTU COBIIAflaeT
C CyMMapHBIM ypOBHEM 3arpsI3HEHU:d, OCTaB-
IMMCA Ha JleTalu ¥ Ha copOMpylomiell IIeHKe
IIocJle 3aBeplleHN polecca.

HInpoko pacnmpocTpaHeHHble UM YHIpaBiA-
eMble poOOTOTeXHIYEeCK)e KOMIIIEKCHI B COBO-
KYIIHOCTM C JIa3€pHBIMM [1€3aKTUBALVIOHHbIMU
YCTaHOBKaMM MOTYT OBITh IPYMEHEHBI I/ IPO-
U3BOACTBA PabOT B MeCTax ¢ 6OBIINM pajualn-
OHHBIM ypOBHeM [23].

Takum ob6pasoM, masepHas [e3aKTUBALMA
C IIpUMeHEeHNeM COPOMPYIOUINX IJIEHOK IO03BO-
NA€T CHU3UTH [J030Bble HAarpy3KM Ha JIMYHBIN
COCTaB U MOXeT 00ecle4YuTb IOBTOPHOE INPMU-
MEHEHME [JOPOTOCTOsAIEl TEXHUKMU, ydacTBO-
BaBIIell B JUKBUZAIIUU TOCAENCTBUII TEeXHO-
T€HHbIX aBapuil.

PucyHok 6 - Cxema upe3nsieHouHol Oe3sakmueayuu:
1 - obpabamsigaembili Mamepuan; 2 - HuxdcHuli caol
oKucs0e (meepdbili); 3 - eepxHUli €00 OKUC08 (PbiXAbili);
4 - npospayHas copbupyrowas hnaeHka; 5 - npodykmeol
0YUCMKU Ha nneHke; 6 - nasepHoll nyy; V - HanpaesneHue
dsuxceHUs /1a3epHO20 nyuyKa (pUCyHOK nodzomoeseH as-
mopamu no [4])

Figure 6: A pattern for deactivation through film.
(1) Material under processing; (2) oxide sublayer (hard);
(3) oxide upper layer (soft); (4) a transparent absorbing
film; (5) wastes on the film; (6) a laser beam; V, laser
beam direction (the figure is compiled by the authors
according to [4])

IIpeumyuecTBOM jTa3epHON He3aKTUBALUY
PafiMallIOHHO-3aTPA3SHEHHBIX MeTa/l/INYeCKUX
IOBEPXHOCTEI SAB/IAETCSA BO3MOXKHOCTD €€ IIPO-
BeleHNA, KaK B Ta30BBIX, TAaK U B ONTHYECKNU
NPO3payHBbIX XUAKNUX CpefjaX, MOCKOIbKY Ipu
3TOM «eCTeCTBEHHBIM 00pa3oM» pellaeTcs 3a-
fada cbopa M aKKyMYIMPOBAaHUS pafyMoak-
TUBHBIX OTXOJOB B HeOONBIIOM OOBeMe IIO-
KPOBHOII XUAKOIT cpensl (mnenku) [20]. JanHoe
TEXHOJIOTMYeCKOe pellleHNe OITUMATIbHO, II0-
CKOJIbKY B OT/IMYNe OT IPOBEJECHMS JTa3epHOI
fe3aKTuUBAMM B arMocdepHoil cpeme (mubo
BAaKyyMHOJI), 3aflada c60pa «TpA3HBIX» YACTUI]
(kamenp, MapoB) pelIaeTcsA CPefCTBAMM TeXHU-
YeCKU C/IOKHBIX, rabapuTHBIX (QUIBTPOBEHTU-
JALVOHHBIX CUCTEM.

KonuuectBeHHas oueHKa 3¢Q(eKTUBHOCTYI
Ja3epHONl Me3aKTUBALMM — yCPeJHEHHbIe 3Ha-
qeHUsT K09G(PUIMEHTOB He3aKTUBALUY, IONY-
4YeHHbIe IPYU JIa3ePHOI Je3aKTUBALNU MeTaJIIN-
YeCKMX IIOBEPXHOCTE B XKUAKOCTHU, COCTABIIAIOT:

- o anbda-usnyvarensam — 50-60, mpakTu-
YeCKJ He3aBUCHMO OT TOTO, B KaKOI XVIKOCTI
HAXOAWJICA MeTal;

- nmo Oera-msnmydarensiM - KoappuuumeHT
fle3aKTUBALMM 3aBUCUT OT XXUAKOCTH, B KO-
TOPYIO IOTPY>KE€H MeTal, U cocTtaBuin =30 ngna
BOAbI 1 =130 /14 TEXHUYECKOIO ITTNL€PUHA.

BeiBog b1
1. Pa3BuTHe IPOMBIIIJIEHHBIX JTAa3€PHBIX U3-
JaydaTeneil IMO3BONAET Ha COBPEMEHHOM JTalle
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paccMaTpuBaTbh IPOLECCHl Ta3€PHOI OYUCTKU
KaK peanbHYI0, 9KOHOMIUIECKI 11e1eCO0OPasHY 0
aNbTEPHATUBY K/IACCUYECKUM METOHAM Je3aK-
TUBALUY IOBEPXHOCTH.

2. Jla3zepHBle MeTOAbI He3aKTUBALUM IpeJ-
CTAaBIAIT co60i1 Hambomee SKOIOTUYECKH
YUCTBI TPOIECC, 00ecrnednBaOIMIT OO~
HUTETHHYI0 BO3MOXXHOCTb BBICOKOJI CTEIIEHY aB-
TOMAaTNU3aUN.

3. CoBpeMeHHbBIE ONTOBOJIOKOHHBIE J1a3epbl
MMEIT HeOO/bllNe TeoOMeTpUYecKue pasMepsl,
HI3KOe JHepromorpedneHne, HeOONbBIION Bec,
He TPeOYIOT CO3[aHNsA CIelManbHBIX YCTOBUI
0 KIMMAaTMYeCKUM YCIOBUSM U 3arps3HeH-
HOCTM  aTMocdepbl, IMO3TOMY HOCTAaTOYHO
JIETKO MHTETPUPYIOTCA B  TEXHOJIOTMYECKUe
IVHUM TEeXHMYECKUX CPeACTB CIelanbHOIl
06paboTKu.

Ozpanuuenus uccnedosanus / Limitations of the study

JlaHHbIT aHATUTIYECKIIT 0630p MMeeT psiji OrpaHIYEHIT, @ MMEHHO: 1) CCTIefloBaHIe OCHOBBIBAETCS HA aHA-
JIM3e OTKPBITBIX MICTOYHNKOB, BK/IIOYAs IUTEPATypHbIe MCTOUYHNUKY, TeXHIYECKUe OIMCAHMsI, TAaTeHTHO-1300pe-
TAaTeNbCKYI0 6a3y 1 OTKPBITYI0 HAYYHYIO TUTEPATYPY; 2) aHAIN3 TEXHNIECKNX OMCAHWIT U MpelaraeMbIX 130-
OpeTeHMII Ha OCHOBE 9/IEKTPOMATHUTHOTO VIMITY/IbCA MOXKET He OXBAThIBAaTh BCe aCIEKTHI MX (PYHKIMOHNPOBAHA
¥ TOTEHIMA/TbHBIX OTPAHNYEHNIT; 3) MHTErpaLysl IpelaraeMoro MeTOfa Je3aKTUBALMI B PAMKaX BBIIIOTHEHI
3agad PXDB 3amutel TpebyeT TIATEIBHOTO IPOEKTUPOBAHIS 1 MOXKET MIMETb TEXHUYECKIe OTPaHIYeHNs; 4) aHa-
M3 BHELPEHMSI METOMA [Ie3aKTHUBALMY 3aTPSI3HEHHBIX META/IMYECKNX IIOBEPXHOCTEN C ITOMOIBIO0 MMITY/IbCHBIX
JIa3epHBIX YCTAHOBOK MHOCTPAHHBIMU CIIELINaIMCTaMM OCHOBBIBA€TCS Ha OTKPBITHIX MCTOYHIMKAX U MOXKET He OT-
pa’kaTb OHYI0 KapTUHY UX npuMeHeHus u apdexrusrocru / This analytical review has a number of limitations,
such as: (1) the study is based on the analysis of the available sources, including academic ones, as well as technical
specifications, database for patents and inventions, accessible scientific publications; (2) The analysis of technical
specifications and proposed inventions performance of which are based on electromagnetic emissions user manuals
of personal protective devices may not cover all aspects of their functionality and potential limitations; (3) The
integration of proposed deactivation method into Russian NBC Protection Troops routine requires careful design
and may have technical limitations; (4) The analysis of method of deactivation of contaminated metal surfaces by
means of pulsed laser systems that has been made by foreign experts is based on open sources data and may not reflect
the complete picture of their application and efficiency.
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